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80,000 Children’s Reactions to Meanings 
in Arithmetic* 


C. NEwTon STOKES 
Temple University, Philadelphia, Pa. 


W: HAVE BEEN FACED with the problem 
of improving learning in arithmetic 
for a long time. Many of us have given con- 
siderable attention to its solution. For the 
past quarter of a century the consensus 
among us has been that the meanings ap- 
proach in teaching and learning was the 
means of a solution. 

The brief report that I have to present 
here summarizes some of the experiences that 
arather sizeable group had in an attempt to 
determine the effects of the meanings meth- 
od. This group proceeded from the point of 
view that there should be careful considera- 
tion of What We Should Teach and How We 
Should Teach. 

Accordingly a group of 566 teachers 
agreed to collaborate with me to see what we 
could find out. (All of these persons had 
been students in my graduate courses in 
Curriculum and Methods in Arithmetic at 
Temple University.) The length of the 
study that was organized and carried out 
covered the 15-year period from the fall of 
1940 through the spring of 1955. It was 
divided into two parts, namely 1940-50 and 


q 1950-55. In the first period we set ourselves 


0 the task of finding the best organization 


_* An address delivered at the 36th Annual Meet- 
ing of the National Council of Teachers of Mathe- 
matics at Cleveland, Ohio. 


of the What and the How. Then in the 
second we chose to check every detail of the 
judgments made at the end of the first 
period. 

Now, at the very outset of the study, we 
adopted the slogan, “Know What We Are 
About.” In this it was agreed that we must 
have a philosophy that prescribed our pur- 
poses in educating boys and girls. Also there 
must be an understanding of the contribu- 
tion that the learning of arithmetic can make 
in the total process. Accordingly the primary 
assumption that we educate for the purpose 
of helping the learner to get on in the world 
was accepted. More pointedly it was stated 
as “equipping the individual with a body of 
understandings through the use of which he 
would have control of his behaviors in his 
living in a complex social order.’’ We like 
to think that we had the same concept as 
that of the eminent mathematician and 
philosopher Cassius J. Keyser when he 
wrote in the early 30’s that education has 
for its purpose the “‘development of those 
abilities in the individual which would 
qualify him to find or create a good and 
beautiful existence for himself.” 

Consequently, by any use of our intellect, 
an analysis of the implications of our postu- 
lated purpose would prescribe that our goal 
was the thinking personality. Or perhaps 
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just as aptly said, we must produce the in- 
dividual that acts upon thinking. He must be 
trained so that he will know what to do 
rather than be taught what to do. 

Now it was our belief that no other subject 
in the curriculum can offer more in produc- 
ing what we want than can arithmetic. We 
firmly believed that the mastery of tech- 
niques of straight thinking, found through 
the study of arithmetic, will qualify the 
learner to act on thinking in the affairs of 
daily living. Through training in the thought 
processes found in arithmetic the individual 
is seen to emerge as a disciplined entity, be- 
ing able to coordinate intelligently his im- 
pulses, habits, understandings and skills in 
the achievement of his own goals. He be- 
comes an emancipated performer, free from 
biases, fanaticisms, prejudices, jealousies, 
and the like. He achieves magnanimity— 
largeness of purpose, initiative, industry and 
autonomy—with a will to achieve worth- 
whileness in every behavior. 


Program Determinators 


With such a goal in mind it was clear that 
we could not obtain help in the solution of 
our problems if we tried to adapt the status- 
quo determined program (wherein the in- 
flexible traditional action predominates). 
Nor could we accept the circumstances de- 
termined program (wherein courses of 
study, textbooks, or even pressure groups 
dominate the prescribements). It was ac- 
knowledged that these had been in operation 
in many places and the outcomes showed 
that no improvements had been made. We 
therefore were obliged to create something 
new. We called our formulation the Prin- 
ciples Determinator, based upon the child’s 
needs and interests, and upon how he learns. 

Seeing life and learning to live requires a 
set of sociological objectives as directives. We 
therefore had to go to the children them- 
selves for bases from which our principles of 
procedures were to be determined. From 
them we could find the What and the How as 
they went about the business of making their 
adaptations to the complexities of the social 
environment. We could find what their 
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problems were and how they went about 
solving them. So, within the first 10-year 
period, 350 of the cooperating teachers pro- 
posed to find what children’s problems of 
living were and how the arithmetic in them 
should be taught so that the relations in them 
could be most readily comprehended. For 
the problems, each teacher followed each of 
her pupils outside of the arithmetic class pe- 
riod for a total of 12 hours. She kept a record 
of the social problems met and the arith- 
metic needed for their solution. She also ob- 
tained the cooperation of the parents of her 
pupils. They kept journals of similar data 
weekly, problems in and about home living. 
Case studies of upwards of 72,000 children, 
residing in 12 different states, were thus ob- 
tained. It was the materials in these studies 
which provided us with a curriculum, grade 
by grade from I through VIII. We defined 
the minimum essentials as those problems 
that were met by 60% of the cases at each 
grade level. For a group composed of 25% 
of the cases, who had not met all of the 
problems, the same minimum essentials were 
prescribed. Then for the remaining 15%, 
whose lives were richer and fuller, who had 
encountered problems not faced by the 
other 85%, we had materials that were 
usable for enrichment. 


Nature of the minimum content 


The analysis of the problems of the 60% 
group gave us the following content in whole 
numbers. (If space would permit we would 
present similar materials for fractions, deci- 
mals, percentage and geometric relations. 
We refer you to Scope and Sequence of Con- 
cepts in any of the Teachers’ Editions of 
Arithmetic in My World, Allyn and Bacon, 


Inc., Publishers. ) 
Grade I. Addition, subtraction and multiplica- 
tion facts in numbers 1 through 9. 

Addition, subtraction and multiplica- 
tion facts in numbers 10 through 19. 


Grade II. 


Grade _ III. Study of numbers 20 through 39, im 
volving facts and processes. 

Grade IV. Study of numbers 40 through 9%, 
involving facts and processes. ; 

Grade Study of numbers in hundreds, 


volving processes. 
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Grade VI. Study of larger numbers, involving 
processes. 

Grade VII. Applications in areas involving per- 
sonal affairs. 


Grade VIII. Applications in family affairs and in 
the internal and external properties 
in geometrical forms. 


Organization of Content 


The next task to be faced was the organi- 
zation of the problems into a sequence that 
was workable both psychologically and 
pedagogically. Whatever we teach must be 
learnable, and we must teach in a manner so 
that the objectives in the social and arith- 
metical realms of the growth process are 
certain to be realized. In finding some of the 
answers in the solution of this problem, the 
analysis of the children’s needs and interests 
gave us direction. The information that was 
collected on the out-of-arithmetic classroom 
situations helped us to identify ten areas of 
social growth needed by every learner. Also 
the nature of these problem situations helped 
us to define the stages in learner’s maturation 
process. It was clear therefore that, whatever 
the organization, there must be an integra- 
tion of factors which would produce the 
desired growth in the social areas and the 
desired progress in moving up through the 
stages of development. 

The problems defining the different areas 
of growth were classifiable according to the 
following categories, 

1. Providing one’s self with food, shelter and 

clothing 

2. Giving attention to physical growth and 

physical fitness for work and play 

3. Recognition of desired relations with indi- 

viduals, the family group, and the social 

group 

. Improving self as a personality (one’s own 
individuality) 

. Exercising health routines as age increases 

. Attention to personal grooming 

. Responsibility for contributions to society 

. Developing integrity in one’s own conduct 
and respect for authority 

9. Ascertaining the methods of controlling the 


social and physical environment 
10. Learning how to communicate ideas to others. 


onauw 


Now, in order to organize with respect to 
levels of maturation we observed that we 
must give attention to the specific stages 
which we characterized by the terms inti- 
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macy, identity, initiative, industry and 
autonomy. In the intimacy stage we saw 
the child as an imitator through the first 
grade and on into the first few weeks of the 
second grade. Then all at once we saw him 
change. He belonged in the identity stage 
where he recognized that he was an in- 
dividual. He operated at this stage until 
about the time that he finished the third 
grade. Then he had initiative during the 
fourth grade, industry until about the middle 
of the sixth grade, and finally automony 
operated on through the eighth grade. 

In terms of these criteria we found the 
most desirable organization of problems to 
be that of the unit plan, in which a unit is a 
body of materials that belongs together 
from the standpoints of logical sequence, re- 
latedness to a theme in social growth, ease in 
teaching, self-motivating and ease in learn- 
ing. Through this plan the learner can see 
purpose in the unified whole; the problems 
in their relatedness give a story that makes 
sense and the worth of the learning is seen. 
Such an organization provides readiness for 
learning, conceptual developments by easy 
steps, and drill that is necessary for the pro- 
duction of insight and for the maintenance 
of skill. 


Preparation of Materials 


Since there were no published materials 
for classroom use, we had to prepare mimeo- 
graphed forms for the teachers. This was 
done during the summer sessions when some 
of the teachers were in attendance at Temple 
University. Year by year we would revise 
the forms from the previous year, making 
adjustments where improvements were 
found, as former ones contained apparent 
deficiencies. 

These mimeographed forms contained 
details of the units for the year’s work, 
illustrative developments, illustrative devices 
and suggestive pictures (in sketched form) 
for motivation. The teachers could take these 
and prepare lesson plans, story problems, 
and abstract drill exercises so that the 
children’s experiences in the classroom were 
complete. 
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te Technics 

Effectiveness through the teaching action 
comes only through the knowledge of how 
the child learns. All procedures must be 
adapted according to the principles in- 
volved. The 350 teachers learned a great 
many things about efficient procedures dur- 
ing the first 10-year study. It is probable 
that one of the most significant was that 
children are learning when thinking is in opera- 
tion. Another significant finding was that we 
all had been missing some of the steps 
necessary for the comprehension of the 
generalization in most every conceptual 
learning. It was that we had been making 
jumps from the observed relationships ex- 
pressed through the use of manipulative 
materials to the generalized formulation. 
When this was the case they found that the 
reaction of the learner was indeed a rote one, 
hence no meanings had been comprehended. 
The problem was to find those steps, from 
the concrete to the abstract, which took the 
learner by a gradual process into sound 
thinking in symbolisms. 

This omission of steps can be illustrated 
as follows: 


ProsBLeM: How may lengths of the 3 yd. 
size may be obtained from a piece of rope 
6 yd. long? 

a. Generalizing too quickly: 
6 yd. + % vd. =? In the concrete we have 


1 
4 


1/3 


There are three 4 yd. in 1 yd. So, in 6 yd. 
there are 6 times as many as in 1 yd., or 
6 yd. +3 yd. =6X3=18 lengths of the yd. 
size. But our divisor was } yd. or twice as 
great as 3 yd. Thus 18 must be divided by 2. 
Accordingly we have 


6X3 
6+ 2/3 6X3/2=9. 


There are 9 lengths of 3 yd. The divisor is 
seen to be inverted and the computation 
done by multiplication. The learner how- 
ever sees no meaning in the value 3. 
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b. Generalizing through meaningful steps: 
Step 1. 
1 yd 2 3 4 yd 5 yd 


2/3 ya 


By the counting process it is found that there 
are 9 lengths of the 3 yd. size in 6 yd. 

Step 2. A second examination of the con- 
crete shows that there are one and one-half 
% yd. lengths in 1 yd. So, in finding how 
many there are in 6 yd., we multiply 
6X1}. 6X1$=9. Of course if addition is 
desired, 

Step 3. 


2/37 


#1 


2/3 3373 373 ¢ 3/3 3/3 + 3/3 3/3 = 


13 ¢13 14 13 
2/3 13/34 3/3 3/3 3/3 3/3 + 3/3 


wherein the division of 3 by 3 is done ra- 
tionally—3 units divided by 2 units of like 
size (L.C.D.) gives on whole length and half 
of another one. 

Step 4. 6 yd.+} yd.=6X1}=6X3=9 
lengths. Thus the meaning of the value $ is 
comprehended in the generalization that in- 
volves the multiplication of the inverted di- 
visor. 

Other illustrations could be shown as in 
the process of addition by bridging and end- 
ings, multiplication of fractions, finding how 
many 8’s there are in 56, or in fact in the 
development of any concept. 

The reactions of the pupils gave us insight 
into two significant principles in the learn- 
ing process. In one we observed that com- 
prehension of symbolic representations is the 
result of mental action initiated at first 
through the differentiations of sensory fields 
and then passing by logical steps into mean- 
ings involving the symbolisms. However itis 
economical to use the sensory only to the ex- 
tent that suggestions in the use of the sym- 
bols become the natural consequence. For 
some pupils this means that there is need 
only for a minimum of the sensory or pet 
haps only for the perceptual. These are those 


individuals whose maturation qualifies them — 


to excel. 
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For the other principle we observed that 
interdependent relations and processes are 
learned most easily when presented simul- 
taneously. This gave us what we termed a 
cone of experience method. That is, it of- 
fers the opportunity for a pupil to proceed 
to a sequential piece of learning material 
even though his comprehension of the pre- 
requisite is at a step below that of a general- 
ized outcome (for example, note how the 
learner could divide fractions in the above 
illustration before acquiring the inversion 
rule). This is a most desirable procedure in 
guaranteeing forward progress because there 
is successful performance at the pupil’s own 
level of operation. This cone of experience 
method allows the learner the opportunity 
of reaching a higher level of understanding or 
to operate at a higher level as relations re- 
appear in new forms. Thus all children with 
the required mental equipment will even- 
tually reach thegeneralizations. Furthermore 
it allows the pupil who excels to receive 
enrichment work while other pupils’ levels 
are being raised. (Enrichment may be the 
structurization of concepts in different ways, 
or it may be scrapbook work showing 
applications in new problem situations.) 


The Controlled Experiment 


As the teachers worked year by year in the 
10-year period of exploration it was apparent 
that arithmetic learning was being im- 
proved. Those schools committed to a stand- 
ardized testing program were finding ex- 
ceedingly encouraging results. Thus when 
itcame time to launch the second part of our 
study we had a large body of directives. We 
chose 36 new collaborators for each of the 
first six grades who were commissioned to 
carry our “cone of experience” method in 
meanings forward for the period 1950- 
1955. Their pupils (the experimental 
groups) were matched with others in the 
same school systems (the control groups) 
who were following the standard textbook 
procedures. The items for matching were, 


a. Both groups studied textbook procedures the 
previous year 
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b. Matched pairs had I.Q.’s within 5 points, 
chronological ages within 6 months, Metro- 
politan pretest scores within 3 months ; 

c. Teachers for both groups in a school system 
were adjudged equally effective by the school 
administration 


Now two types of measures were used in 
securing objective data by which an evalua- 
tion of our program could be made. We 
determined the amount of growth for both 
the control and the experimental groups. by 
finding the differences between the scores on 
the pretest and a second administration of 
the Metropolitan Standard Tests at the end 
of the year’s study. The forms of the test were 
Primary I Battery for Grade I, Primary II 
Battery for grade II, Elementary Arithmetic 
Test for Grades III and IV, and the Inter- 
mediate Airthmetic Test for Grades V and 
VI. (We were able to secure 2,000 matched 
pairs at each grade level.) 

We also determined the per cent of sus- 
tained attention shown by the pupils during 
the arithmetic class period. This was de- 
termined by means of having an observer 
hold a stopwatch on pupils during the class 
period. We carried this measure forward un- 
til we had 100 pupils at each grade level, 
about equally divided among slow, average 
and fast pupils. 

Our findings are shown in the chart below. 


DIFFERENCE IN YEARS OF GrRowTH OF 2,000 PupPILs. 
IN GRADES I-VI From Two METHODS OF - 


PROCEDURE 
Control |Experimental) _.. 
Grade Group Group Difference 

I | 0.9 1.8 0.9 
ae 1.0 2.1 | 1.1 
m | 1.0 
IV | 1.1 2.1 1.0 
| 1.0 1.9 0.9 
VI | 0.9 2.0 1.1 


These data were obtained through actual 
arithmetic means in both fundamentals and 
problem solving, thus representing levels of 
arithmetic achievement. When the differ- 
ences were treated for reliability the proba- 
bility on the average that they were true dif- 
ferences was 990 out of 1,000. Consequently, 
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everything being equal, it appears certain 
that the meanings (cone-of-experience) 
method produced results that were, on the 
average, one year above those under the 
control method. 

Suppose now that we examine a typical 
sketch of the achievement scores at one 
grade level. Placing both the control and the 
experimental groups on the same base line, 
we have the following: 


GRADE III 


It is to be noted from the sketch that the 
low-score tail of the curve for the experi- 
mental group is missing. This indicates that 
meaningful teaching by the cone-of-expe- 
rience method gave every learner a level of 
successful operation. 

A finding not presented in the table given 
above is the growth of Grade I children for 
the first half-year of study. Here it was de- 
termined that the control group that in- 
itiated number study through rote counting 
were one and one-half months behind the ex- 
perimental group which had its beginning 
work as the recognition of group values 
without counting. 

Now, for the second measure, that of sus- 
tained attention, it was found that the ex- 


perimental groups gave us an average of 


92% concentration while the control groups 
had an average of 66%. These figures were 
obtained when the length of class periods in 
both groups were as follows: 

Grade I, 15 minutes; Grade II, 20 minutes; 


Grade III, 25 minutes; Grade IV, 30 minutes; 
Grade V, 35 minutes; Grade VI, 40 minutes. 


We checked also on the extension of these 
periods for several minutes, and too, if there 
were variations when the class met in the 
morning or the afternoon. For the former 
there was a distinct let-down in attention in 
the extra time (approximately 15%) while 
for the latter there were no distinct differ- 


ences. Thus it appears that we have found 


the appropriate class-period lengths and 
that the time of day for the arithmetic 
study is of no concern. 

Finally, our cone-of-experience method in 
step by step conceptual developments, offer- 
ing enrichment for those who excel, made it 
possible for pupils to complete from four to 
twelve supplementary projects within the 
year at each grade level. The nature of these 
experiences called for the application of 
comprehended meanings rather than accel- 
eration in the subject of arithmetic. The 
children in the controlled groups had time 
for none of these enrichments. 


Summary 


Now, in summary, ‘it appears that we 
have evidence that a program of meanings 
will improve learning in arithmetic. To sup- 
port this contention we see every pupil 
successfully operating at his own level with 
achievement, on the average, as measured by 
the Metropolitan tests, one year higher than 
that of pupils studying standard textbooks of 
the time, and with motivation producing 
92% sustained attention as compared with 
66% when the program is determined by 
these same texts, and with enrichment a 
reality for the pupils who excel. 


(Finances involving the need for the standard 
tests were supplied by Temple University, Phil- 
adelphia, Pennsylvania.) 


Eprror’s Note. Dr. Stokes has given us a brief 
summary of his long and large experiment which 
developed a method and procedure for teaching 
and learning arithmetic with understanding and 
for which he gives data in comparison with a control 
group representing six grades for one year. Assuming 
other factors being equal, the experimental group 
surpassed the control group by one year of achieve- 
ment as measured by a standardized test. One 
wonders if Dr. Stokes had constructed a good test 
of arithmetical concepts and principles which would 
measure understandings, if the results might not be 
more pronounced. The editor liked the statement 
of aim in arithmetic teaching “‘. . . produce the 
individual that acts upon thinking.’’ This is very 
different from and at a much higher level thao 
learning to compute with numbers. With adults, it 
is easy to detect the non-thinking person and the 
one who may think but does not have the compul- 
sion to act upon his thinking. It would appear that 
Professor Stokes and his associates have established 
a good case for teaching a “thinking arithmetic” 
founded upon understanding. 
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Certain Ability Factors and Their Effect 
on Arithmetic Achievement 


LELAND H. ERICKSON 
Franklin College, Franklin, Ind. 


Noa REVIEW of the research which has 
been accomplished during the past 
thirty years in elementary arithmetic re- 
veals several centers of interest. It can be 
generally stated that a large proportion of 
the research is concerned with teaching 
methods, patterns of thinking in dealing with 
various arithmetic concepts and operational 
skills and research which is concerned pri- 
marily with the arithmetic curriculum. 

An examination of the profound changes 
which have been made in textbook materials 
and teaching techniques serves to reveal the 
influence which research has had upon the 
experiences which children have in ele- 
mentary arithmetic. The importance of re- 
search cannot, however, be entirely meas- 
ured in terms of observable changes. For ex- 
ample, it might reveal a better way of teach- 
ing, or on the other hand, it might throw 
some light upon a problem not previously 
considered as being important. Research 
may verify or give substantial evidence to 
something already known. On the other 
hand it could, and often does, shed some 
light which tends to refute a previously ac- 
quired false notion. 

This paper is primarily concerned with 
focusing attention upon the learner; spe- 
cifically, effort has been made to examine 
statistically certain ability factors and how 
they effect arithmetic achievement. The 
data which are presented in this article are 
primarily concerned with the following: 


(1) The relationship of intelligence and 
achievement in arithmetic; 

(2) Relationships between intelligence, 
arithmetic concepts and problem 
solving; 


(3) Relationship of reading ability to 
arithmetic achievement; 

(4) Relationship of socio-economic status 
and arithmetic achievement. 


It is important to mention at this point 
that for most cases under consideration 
statistics have been computed, not only 
for the total sampling, but also to show cer- 
tain differences between various levels of 
arithmetic achievement, specifically, the 
upper 27 per cent, middle 46 per cent and 
the lower 27 per cent. This is important be- 
cause without this comparison several sig- 
nificant inferences would be lost. In fact, as 
will be revealed later, it is highly important 
that researchers give more consideration to 
various achievement and ability levels in 
suggesting methods of teaching, curricular 
modifications and materials. It is believed 
by: the writer that some of the evidence 
presented in this paper, because of its ob- 
jectivity and statistical analysis, will fall un- 
der one, or in some cases several, of the 
categories mentioned earlier. There are cer- 
tain implications revealed in this study 
which, of course, need further study and 
verification. 

This study involved 269 sixth grade pupils 
in eight classrooms of four public elementary 
schools located in a midwestern city school 
system. The schools used in the study were 
selected primarily on the basis of socio- 
economic locations. The only criteria which 
were applied to make the selections of the 
schools used in the study were opinions 
generally held by teachers and administra- 
tors. Two schools are largely madé up of 
pupils considered to be from homes of rela- 
tively high socio-economic culture, while the 
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other two schools consist of pupils who for 
the most part are from homes of a somewhat 
lower socio-economic culture. It was felt that 
data gathered from these sources would offer 
certain research possibilities not available 
from unselected resources. The instruments 
used to obtain the data consisted of the sixth 
grade arithmetic section of the Iowa Tests of 
Basic Skills, Form 2, 1956, the Otis-Quick 
Scoring Mental Ability Test, the Iowa Silent 
Reading Test and a series of questions care- 
fully prepared and administered for the pur- 
pose of gaining certain information not 
available from other sources. 


Intelligence and Arithmetic 
Achievement 


No one can successfully deny the impor- 
tance of intelligence in learning anything re- 
quiring thought. There are, however, some 
necessary cautions which should be taken in 
interpreting too loosely certain statistical 
evidence concerning intelligence and 
achievement. For example, as can be seen 
from Table I, the Correlation Coefficient of 
0.72 shows a relatively high relationship be- 
tween I.Q.s and arithmetic sources when 
only the entire sampling is considered. How- 


TABLE I 


RELATIONSHIP BETWEEN INTELLIGENCE AND 
GENERAL ARITHMETIC ACHIEVEMENT 


Correlations 
Group in Number LQ. Intelligence 
Arithmetic of Pupils Range Quotient 
and Total 
Arithmetic 
Score 
Entire Sample 230 54-137 0.72 
Upper 27 percent 63 84-137 0.39 
Middle 46percent 104 75-130 0.46 
Lower 27 percent 63 54-113 0.40 


ever, the breakdown into arithmetic achieve- 
ment sub-groups shows a considerably lower 
relationship for each. The difference in 
magnitudes between the correlation co- 
efficient of the entire sampling and the co- 
efficients of the sub-groups may, in part, be 
due to the skewed distributions in the sub- 
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groups. This is usually the case when rela- 
tionships within sub-groups are compared to 
the entire sampling. However, the relation- 
ship between intelligence and arithmetic 
achievement within each sub-group is lower 
than is generally assumed. For instructional 
use the data which are shown in Table II 
presents a clearer picture of the levels of 
achievement and accompanying distribu- 
tions of intelligence. As can be seen from 
Table II, children with average and above 


TABLE II 


LEVELS OF ARITHMETIC ACHIEVEMENT AND 
ACCOMPANYING DISTRIBUTIONS OF 
INTELLIGENCE 


Number of Pupils in Arithmetic 


Intelligence 
Quotient Lower 27 Middle 46 Upper 27 
Per Cent Per Cent Per Cent 
50-59 1 
60-69 4 
70-79 3 1 
80-89 18 7 1 
90-99 18 23 2 
100-109 14 30 10 
110-119 2 30 20 
120-129 9 26 
130-139 5 


average I.Q.s as well as children with lower 
1.Q.s are represented in the lower 27 per 
cent, while a number of children with aver- 
age I.Q.s and lower than average I.Q.s are 
with the higher I.Q.s represented in the 
upper 27 per cent. The writer feels that im- 
plications shown here are important. For ex- 
ample, in one instance several years ago it 
was known that a teacher of general mathe- 
matics made a statement to the effect that 
students having academic difficulty in his 
classes were of sub-normal intelligence. This 
statement was somewhat falsely supported by 
saying that low arithmetic achievement went 
hand in hand with low intelligence. As you 
can see in Table II this is not always the 
case. Further investigation revealed that this 
teacher’s impression, as far as his classes were 
concerned, was arrived at without knowl 
edge of their mental abilities, but rather 
judgment of intelligence was based entirely 
upon achievement in mathematics. No 
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doubt this teacher as well as other teachers 
has seen a statistic such as the 0.72 correla- 
tion coefficient in Table I and applied it too 
broadly. It can readily be seen that such an 
interpretation could greatly affect teaching 
methods. Teachers should be aware of both 
the mental maturity of pupils and their 
achievement in arithmetic, and I.Q.s should 
usually be converted into mental ages for 
most accurate and functional classroom use. 
An ultimate goal is to strive for each pupil’s 
arithmetic achievement, sometimes con- 
verted into arithmetic age, to approximate 
or surpass his mental age. There are so 
many factors which enter into the complex 
pattern of acquiring arithmetic concepts that 
this goal may seem somewhat idealistic. The 
factors of ability, attitude, interest, aptitude, 
previous experiences, reading ability and 
other factors all enter into the total picture 
of arithmetic achievement. Nevertheless, 
efforts on the part of teachers to help chil- 
dren use to the optimum their intellectual 
potential is a practical goal for which to 
strive. Arithmetic ability correlates suffi- 
ciently high with I.Q. that, with proper 
interpretation, mental age can be used as a 
basis of expectation of a pupil’s arithmetic 
ability. 


Relationships and Inter-relation- 
ships Between Intelligence, 
Arithmetic Concepts, and 
Problem Solving 


A structure is no better that its founda- 
tion. Thoughtful elementary teachers of re- 
cent years are mindful of this fact. They are 
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trying to provide elementary children with a 
sequence of quantitative experiences which 
will not only meet their present social needs, 
but which will also give them understanding 
and insight into more complex concepts and 
operational skills in the future. If all children 
were of the same ability and if they all 
learned in the same ways this would not be a 
complicated task. Since there are, however, 
many factors which enter into this very com- 
plex developmental process of learning, 
teachers are seeking further insights into the 
problems which underlie maximum arith- 
metic achievement by all children. Some of 
the factors which have implications for 
teaching, and a direct bearing on these 
problems, are brought to the attention of the 
reader in the paragraphs which follow. 

Before commenting upen the relationships 
involving intelligence, arithmetic concepts, 
and problem solving, a brief explanation of 
the terms “‘arithmetic concept” and “‘prob- 
lem solving” is needed. The term, arithmetic 
concept, as used in this paper is concerned 
with the understanding pupils have of the 
number system and the terms and opera- 
tions used in arithmetic. The term, problem 
solving, is concerned with the application of 
these basic concepts and operations to func- 
tional problem situations. These situations 
requiring quantitative operations are some- 
times called “story problems” or “thought 
problems.” 

It can be seen from the data in Table III 
that the relationship between intelligence 
and arithmetic concept scores is relatively 
high while the corelation between I.Q. and 


IIT 
COMPARISON OF I.Q.s AND ARITHMETIC SCORES 


Correlations 

roups in Arithmetic No. of Pupils _1.Q. Range LQ. and Total LQ. and nb 

Score Concept Score Solving Score 

Entire Sampling 230 137-54 0.72 0.73 0.58 
Upper 27 per cent 63 137-84 0.39 0.40 0.19* 
Middle 46 per cent 104 130-75 0.46 0.47 0.15* 
Lower 27 per cent 63 113-54 0.40 0.47 0.05* 


_* These correlations are no higher than chance. 
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problem solving is significantly lower. The 
correlation coefficient of 0.73 describes the 
relationship between I.Q. and _ concept 
scores, while the relationship between I.Q. 
and problem solving is shown by the con- 
siderably lower coefficient of correlation, 
0.58. There is a statistically significant dif- 
ference between these correlations. 

Does the high correlation between intelli- 
gence and concept score indicate need for 
more differentiation of classroom experiences 
for the various ability groups? That is, 
should methods of presentation, materials 
used, and time consumed be substantially 
different for children of different mental 
ages? The writer believes that in many in- 
stances the answers to these questions are in 
the positive. A reasonable assumption is that 
children of varying mental ages do, for the 
most part, gain understandings in different 
ways and that they need varying amounts of 
time to learn concepts and practice opera- 
tional skills. The methods or method of ac- 
complishing this is up to the classroom 
teacher and the school administration. That 
is, some teachers and administrators may 
desire a homogeneous type of grouping with- 
in class grades; others may want hetero- 
geneous organization and grouping within 
rooms. Some teachers may feel that they can 
handle this problem without any formalized 
groupings. Perhaps there is no single solution 
to this problem. It seems very important, 
however, that administration and faculty 
together give this problem considerable 
study and decide upon some specific plan for 
organizing a developmental program for 
children of varying abilities. The facts seem 
clear. Children of varying abilities need 
different kinds of learning experiences. This 
is a good starting point in trying to do some- 
thing specifically to improve arithmetic in- 
struction in the elementary school. 

Why is the relationship between I.Q. and 
problem solving so much lower than the 
relationship between I.Q. and concepts 
learned, the correlation coefficient for the 
former being only 0.58? The implications 
seem much more important than merely 
trying to answer an academic question; yet 


it is difficult, if not impossible, to give an 
entirely objective answer or answers from 
the data at hand. At the risk of being 
frowned upon for making assertions, not en- 
tirely proven by objective evidence, the 
writer will suggest several inferences which 
might be made. 

A factor which enters into the complex 
process of solving thought problems is that of 
reading ability. The factor of reading might 
also contribute to difficulty in applying 
operational skills and other concepts to non- 
verbal problems if directions must first be 
read. Comments regarding the relationship 
of reading ability to arithmetic achievement 
will be elaborated upon more fully in an- 
other section of this study. 

One reason for the significantly lower cor- 
relation between I.Q. and problem solving 
might be for the reason that considerably 
more emphasis has been given to classroom 
experiences involving number operations 
and terms at all ability levels rather than in 
applying them to thought problems during 
the first five years of school. In some respects 
this seems logical. However, the data seem 
to reveal that children of higher ability 
probably have spent too much time prac- 
ticing operational skills and have not had 
enough opportunities for applying them. 
Generally speaking, earlier and more fre- 
quent opportunities for all levels to apply 
number operations and concepts to fune- 
tional problem situations seems desirable. 

It is revealing to note that the large 
majority of pupils, when asked to indicate 
their preference for performing certail 
arithmetical procedures, gave working 
thought problems a very low rank. It seems 
logical to assume that one reason for the very 
low ranking is their lack of confidence in 
applying quantitative procedures to problem 
siutations. 

In some cases pupils learn certain basic 
number operations largely without under 
standing, by drill; that they remember how 
to apply these skills as a result of having used 
them in similar problems situations time and 
time again is entirely possible. Children may 
learn certain arithmetical procedures with 
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out meaning, because they were taught in 
this manner. It should not be overlooked, 
too, that certain operational procedures and 
terms are quite meaningless to some pupils 
when presented in isolation. However, when 
certain skills and concepts are put to use in 
solving problems which have meaning to 
them, the skills which have been applied 
seem to become more meaningful. 

Perhaps the data presented in Table IV 
will help to throw some additional light on 
this problem. 


TABLE IV 


RELATIONSHIP OF PROBLEM SOLVING ABILITY 
AND KNOWLEDGE OF ARITHMETIC CONCEPTS 


Correlations 


Groups in 


Arithmetic Number 


Problem Solving 
Scores and Arithmetic 


Concept Scores 


Entire Sample 230 0.73 
Upper 27 per cent 63 0.22 
Middle 46 per cent 104 0.04 

—0.24 


Lower 27 per cent 63 


While the data indicated in Table IV 
show a reasonably high correlation of 0.73 
between problem solving scores and arith- 
metic concept scores for the entire sample, it 
is important to note the near zero relation- 
ship for the middle 46 per cent and the sig- 
nificantly high negative relationship of 
-0.24 for the lower sub-group. While the 
inferences which can be made from the data 
presented in Table IV are not all conclusive, 
it does seem apparent that this evidence 
tends to give some support to statements 
previously made about I.Q. and problem 
solving relationships. The need for further 
studies and experiments to help find out the 
different ways in which children of all 
abilities gain insight into a functional under- 
standing and use of quantitative operational 
‘kills and concepts seems extremely im- 
portant. Certain questions might be asked. 
For example, is too much time being con- 
‘sumed trying to teach children of low ability 
certain arithmetical understandings and 
meanings beyond his grasp? Do _ high 
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achievers spend too much time practicing on 
number operations and certain arithmetic 
skills without enough time being given over 
to problem solving? Are certain methods of 
teaching arithmetic concepts highly suc- 
cessful in their use with children of rela- 
tively high ability in arithmetic, but only 
frustrating to children of lower ability? The 
answers to these and similar questions are 
necessary if teachers are to help all children 
to learn arithmetic to the maximum of their 
ability. 


Relationship of Reading to 
Arithmetic Achievement 


It should not be overlooked that the abil- 
ity to read accompanies to a very great ex- 
tent the ability to solve thought problems 
which pupils are expected to read. It is not 
at all unusual for pupils early in the grades to 
be poor readers yet to be very successful in 
manipulating number operations and in 
writing answers to non-verbal problems. 
Research bears out the fact that poor readers 
are sometimes very successful in working 
number problems in which the operation or 
operations are indicated. However, as pupils 
proceed through the grades the problem of 
reading becomes more burdensome to the 
poor reader in arithmetic. More and more 
stress is placed upon verbalized problems 
which must be read, and this load must be 
added to an arithmetic program already 
heavy with the new complex concepts. In 
some instances inability to read is mistaken 
for inability to apply arithmetic concepts to 
thought problems. Frequently children with 
reading difficulties have vocabulary and 
other language deficiences which affect their 
problem solving abilities. 

Table V shows the relationships between 
the mathematics grade equivalent, reading 
vocabulary, and reading comprehension. 
Both the concept scores and the problem 
solving scores have been included in the 
mathematics grade equivalent shown in 
Table V. The concept scores were included 
because of directions and questions which 
must be read in this part of the test. 

At first glance the relationships shown 
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may seem low. However, it must be remem- 
bered that reading is only one important fac- 
tor to be considered in problem solving. 
There are many factors which accompany 
the complicated task of solving problems. 


TABLE V 


COMPARISON BETWEEN ARITHMETIC ABILITY 
AND READING ABILITY 


Correlations 
Groups in Site Math Grade Math Grade 
Arithmetic umber Equivalent Equivalent 
and and Com- 


Vocabulary prehension 


Entire Group 186 0.62 0.67 
Upper 27 percent 51 0.07 0.22 
Middle 46 percent 89 0.06 0.25 
Lower 27 percent 50 0.35 0.35 


There is a problem of reading in arithmetic 
which may have some very definite roots in 
the primary grades. This concerns additional 
vocabulary which is introduced in primary 
arithmetic workbooks and other materials 
related to arithmetic. Teachers spend con- 
siderable time in helping childen learn new 
vocabulary which is presented in basal 
readers. As a general rule, however, most 
teachers do not spend a comparable amount 
of time on new words and terms which occur 
in arithmetic. The period which is set aside 
for numbers or arithmetic is usually used on 
arithmetical skills and concepts. It seems safe 
to say that additional time which might be 
spent on learning new vocabulary and word 
meanings directly connected with arithmetic 
would be time wisely used in the classroom. 


Relationship of Socio-Economic 
Status to Arithmetic 
Achievement 


There seems to be some misunderstanding 
with regard to the effect which socio- 
economic status has upon children’s ability 
to achieve in arithmetic. For example, it is 
not uncommon for a teacher to say, “Oh, he 
is smart enough, but he is from a deprived 
home.”’ The teacher who makes this remark, 
or a similar remark, has reference to the 
economic status of the family and is explain- 


ing why the child is doing poorly in arithme- 
tic. There is a reasonable explanation for 
this mis-concept. Let’s examine it through 
the use of actual data. For example in this 
study a considerable relationship can be 
shown between socio-economic status and 
arithmetic ability. However, when LQ, 
level is taken into account it can be seen 
that at various I.Q. levels the percentage of 
pupils from each socio-economic group 
classed as high, average or low achievers is 
about the same. For example, only 44 of 
115 pupils in the lower socio-economic 
group scored above the median on the Iowa 
Basic Skills Arithmetic Test; whereas a much 
higher proportion, 73 to 120 pupils in the 
upper socio-economic group scored above 
the median. These data, though revealing, 
do not show the effect of socio-economic 
status upon a child’s ability to achieve in 
arithmetic. 

What effect does socio-economic status 
have upon a child’s ability to achieve in 
arithmetic? It was found, after dividing the 
pupils into I.Q. ranges, that only 28 of the 
115 pupils in the lower socio-economic 
group had I.Q.s in the highest range (110 
and above) while 65 of the 120 pupils in the 
higher socio-economic group had I.Q:s in 
that range. It can be seen from Table VI 
that I.Q. is associated with socio-economic 
status; however, socio-economic status seems 
to have no effect upon children’s ability to 
achieve who have comparable intelligence. 

It can be seen that 82 per cent of the 
pupils in the lower socio-economic group 


TABLE VI 


COMPARISON OF ARITHMETIC ACHIEVEMENT WITH 
FREQUENCY OF OCCURRENCE IN I.Q. Levets BE 
TWEEN PupILs IN HicH AND Low 
Socio-Economic Groups 


Number of Pupils Per Cent of Pupils 
Above Test Median 
High Low 
onomic Economic 
Status Status 


a High Low 
Be Economic Economic Ec 
Status Status 


Below 90 6 31 16 3 
90-110 44 53 34 36 
Above 110 65 28 83 82 
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who have I.Q.s of 110 or higher scored above 
the median and 83 per cent of the pupils in 
the higher socio-economic group scored 
above the median. Thus, although pupils of 
higher intelligence are more numerous in 
the higher socio-economic level, children of 
like intelligence can be expected to achieve 
equally in arithmetic regardless of their 
socio-economic status. 

A further study was made to see if any 
significant differences could be found in out- 
of-school activities which would contribute 
to the background of quantitative experi- 
ences of either group. No appreciable differ- 
ence could be found in the out-of-school 
experiences of either group which would 
give them added advantage in arithmetic. 


Eprror’s Nore. Professor Erickson asks us to con- 
sider the sub-groups found in our classes. What are 
the better approaches and learning procedures for 
various kinds or types of children? Should we expect 
the pupil of lesser ability to follow the same path as 
the brighter child but give him more time to reach 
the goal? We need to face this problem in every 
classroom. The differences among children which 
affect learning in arithmetic are not just those of 
intelligence and related factors. While some of 
Erickson’s correlations may be a bit spurious be- 
cause of the shape of the distribution of some of 
the data, the differences in groups which he has 
noted should cause us to ponder. Someone should 
use his procedures with a different population to 
verify the results so that there can be no doubt that 
his sample was adequate. It was not a small sample. 
He has given a number of suggestions which should 
be noted. Certainly, we should spend the necessary 
time to teach concepts and the necessary vocabulary 
and the uses and significance of concepts. 


BOOK REVIEW 


Fun With Mathematics (reprint), Jerome S. 
Meyer. New York: Fawcett Publications, 
Inc., 1957. Paper, vii+176 pp., $0.50. 


This paperback reprint is chuck full of 
tadable mathematics pitched at the high 
chool level. Most of the material should 
prove interesting to the better student, and 
tachers are likely to find it a source for en- 
ivening their presentation of routine sub- 
‘cts. The text is clarified by a number of 
well chosen diagrams. A wide assortment of 
pics is included but the arrangement is 


DeceMBER, 1958 


293 


haphazard. Simplicity of exposition is 
achieved by restricting the scope of the topics 
treated. If the reader is interested in a fuller 
treatment he will have to look elsewhere. 
Unfortunately, no such bibliography for 
wider reading is provided. But within the 
scope of this little volume the discussion is 
accurate and well written. This reviewer did 
not spot any misprints, so the teacher should 
feel no compunction in placing it in the 
hands of a student. 

In addition to a routine exposition of 
Roman numerals, a variety of interesting 
puzzles are included. A binary system of 
numeration is exhibited, and the topic is 
tied in with the ancient doubling-and-halv- 
ing method of multiplication of the Egyp- 
tians as well as the connection with modern 
digital computers. 

In the discussion of magic squares a num- 
ber of properties beyond the definition are 
included, and again some recreational (cross- 
word) puzzles are attached. Computational 
devices that exploit the base ten of our 
number system include, besides the familiar 
casting out nines, curiosa which arise from 
repeating decimals. 

This reviewer found the discussion of 
Fibonacci numbers particularly interesting. 
The student is encouraged to discover vari- 
ous recursion formulas for himself. A con- 
nection with the Golden Section is disclosed 
without introducing continued fractions. 

A miscellaneous assortment of relations 
belonging to the Theory of Numbers are 
included, the selection being such as might 
awaken interest with no attempt at thorough- 
ness. 

The section on trigonometry includes in- 
finite series and may be more difficult than 
other portions. Nomographs and slide rules 
are well presented. Several useful formulas 
for applying mathematics to the geometry 
of the earth such as sun dial construction are 
included. 

In conclusion, a few problems and falla- 
cies are solved and resolved. The contents 
seem to justify the title: you can have fun 
with mathematics. 

ARTHUR BERNHART 
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An Experimental Study in 
Teaching Percentage 


RussELL A. KENNEY AND JEssE D. Stockton * 
Kern County Schools, Bakersfield, Calif. 


M™ STUDENTS ARE TROUBLED with 
percentage. The difficulty may lie in 
the way in which it is presented. Survey 
tests in Kern County and elsewhere have in- 
dicated a lack of achievement in this par- 
ticular field. Many teachers have indicated 
their awareness of the problem in teaching 
clear concepts in the field of percentage. 
Supervisors and consultants have observed 
that many teachers and pupils have diffi- 
culties in this field. In order to study the 
problem at some length and determine if 
possible, remedial measures, the following 
study was undertaken. 

Since the concept of percentage and its use 
is first taught in the seventh grade, the selec- 
tion of personnel involved was from this 
grade. Administrators and teachers were 
contacted to find those who might be in- 
terested in participating in an experimental 
study of the methods of developing the con- 
cepts of percentage and its use. Many ad- 
ministrators and teachers were contacted 
personally by the author to determine 
whether they would be interested in par- 
ticipating in such a study. Some 25 or 30 
teachers indicated not only a willingness but 
a desire to participate. Some were unable to 

* The authors wish to acknowledge the coopera- 
tion and assistance of the following administrators: 
Cecil Klee, James Benton, Norman Hefner, Tom 
Lindquist, Mabel Smailes, Lloyd Gates, Claude 
Traylor, Gerald Miller, Faye Gribble, Robert 
Swain, William Kendrick, Rulon Keetch, John 
Mires, and Lester Tanner. The following teachers 
carried the bulk of the load in the experimental 
work: Blanche Hill, Dean Fair, Russell Lewis, Erma 
Maerzke, Marie Murray, Harold Dirks, Beverly 
Hendricks, Wilmer Swafford, Barbara Garris, Creed 
Mortensen, James Thompson, Margaret Barkley, 


William Clanin, Lucille Christensen, Gladys Han- 
son, and Ray Romo. 


be included in the final experimental group 
due to other commitments. 

A preliminary meeting was held of the 
foregoing individuals to draw up criteria and 
to set up the format for the study. At this 
meeting the following purposes were set up: 
1—to improve teaching of percentage, 2—to 
evaluate the relative values of different 
methods of teaching percentage. Those pres- 
ent also agreed that in order to achieve 
these purposes it would be necessary for the 
group to utilize two or three different 
methods of teaching percentage and com- 
pare the results. DRILL OR ROTE TEACHING 
without the assistance of any aids whatsoever 
was one of the approaches proposed. A sec- 
ond procedure suggested was to DEVELOP 
THE UNDERSTANDINGS through the use of all 
kinds of aids without drill or rote memoriza- 
tion of rules. A third method might be that 
of a COMPOSITE OF THE FOREGOING. 

In order to achieve an evaluation of the 
relative merits of these three approaches, the 
teachers agreed to divide into three groups 
with an attempt to balance the ability of the 
classes in each group so that they might have 
comparable results. This was accomplished 
by comparing the known facts at this time 
subject to revision when further facts were 
known. 

A four-week experimental period {or 
learning percentage was agreed upon. 

The evaluation was to be accomplished 
through the use of a testing program. Re 
search was inaugurated to find a testing pro 
gram that might give a pre-test, a closing 
test and a follow-up test of equal difficulty 
so that the results might be compared at each 
of these periods. Committees were 4P- 
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pointed to take care of the details and report 
at our next meeting. 

At the second meeting of the committee 
the following general agreement was 
reached. The experimental period would 
begin the first week in January, that the 
arithmetic classes shall meet five times a 
week, for approximately forty-five minutes a 
day or as close thereto as possible, and that 
the test at the end of the experimental pe- 
riod would be on the twenty-first day after 
the beginning test. It was further agreed 
that each teacher would be responsible in the 
testing program for the following items: (a) 
to see that each pupil takes an achievement 
test just before the experimental period, im- 
mediately following the experimental period, 
and one the week of April 7 to 11, following 
the Easter vacation, (b) to pronounce the 
words or read sections of the tests for those 
children unable to read the same, but under 
no circumstances to explain the meanings, 
(c) to score the tests, (d) to make an item- 
analysis of the tests, (e) to secure a valid 
intelligence test given within the last three 
years, and report the same in terms of I.Q. 
with the children’s ages as of January 6 and 
to report the results of all tests to R. A. 
Kenney for each pupil on forms provided by 
the latter. Each teacher further agreed not 
to teach percentage after the second test until 
after the follow-up test in April. 

The committee further agreed on the 
following methods for each of the three 
groups: Group I would emphasize drill 
procedures with reliance on rules and repeti- 
tion. No understanding or explanation of 


why was to be given. Books with explana- 


_tions of reasons for procedures were not to be 
used. 


Group II was to emphasize understandings 
and mathematical reasonings. Reliance was to 
be on the building of understandings of why 
and how. No rules were to be taught as such. 
No exercises or drill in abstract numbers 
were to be undertaken. Books, if used, were 
not to be used for practice. 

Group III, or control group, was to use a 


| composite of the two foregoing methods. Em- 
| phases 


on procedures outlined in the 
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Teacher’s Edition of the state text were to be 
used and the program would include pro- 
cedures to develop understandings as well as 
drills to fix and facilitate learning. 

Some twenty or twenty-five standardized 
tests were examined but all were found in- 
adequate for the purposes of this study. 
Items for special tests were collected and 
grouped according to concepts and difficulty 
and placed in a preliminary examination. 
Seventeen administrators agreed to have 
these tests administered to their eighth 
grades in order to obtain the relative diffi- 
culty of each problem. The teachers of these 
schools administered the test to approxi- 
mately two thousand eighth graders in De- 
cember of 1957. The test consisted of two 
parts, one of which was on problem solving 
and the other was on abstract examples. The 
problem solving test consisted of 25 groups 
of three problems each. Each of these prob- 
lems in a group was of approximate equal 
difficulty and dealt with the same concept 
or skill. There were 30 such groups of ex- 
amples in the other part of the test. Each 
teacher was furnished with a key to the 
answers for these test items and an analysis 
sheet. Each teacher corrected her own 
papers and recorded the number of correct 
responses by problems on the item-analysis 
sheet. These results were turned in to the 
County Office for analysis. After eliminating 
those items that seemed to be out of line, the 
remainder were equated in difficulty as de- 
termined from the number of correct re- 
sponses from the above testing program. 
From these items three forms of a test in each 
area were prepared so that they were of 
equal difficulty. 

The seventh graders in the experimental 
program were equated by using the Horn 
formula to determine the academic ex- 
pectancy of each, 


By eliminating the three top ranking stu- 
dents in Group II and one highest and the 
one lowest pupil in Group III, we were able 
to establish three groups whose lower and 
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upper limits were within three months. The 
median of all three groups fell within a one 
month interval. The quartile marks were 
also within a three month range. This 
arrangement permitted us to have a group 
of 165 students in Group I, 133 students in 
Group II, and 177 students in Group III 
with comparable expectancies. 

Form A Test in Problems and Examples, 
was administered to each of the classes in the 
first week of January, 1958. The test papers 
were scored and the number of correct re- 
sponses for each pupil noted on a form pro- 
vided for that purpose. The experimental 
teaching program was then inaugurated and 
was continued for exactly 19 school days. 
During this period each of the teachers con- 
scientiously followed the instructions that 
were developed and accepted at the begin- 
ning of the experiment. On the 21st day 
after the preliminary test, Form B of the 
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same two tests was administered and scored 
as before above. 

During the interval between this test and 
the follow-up test which was administered 
during the week following Easter, no instruc- 
tion was given in percentage to any of these 
classes. Form C of each of the above tests was 
given about April 8 for a final check on the 
development of this experiment. The results 
of these three tests were then turned in to the 
County Office for analysis. 

The arithmetic mean of the number of 
correct responses for each of these tests by 
groups was then computed. The arithmetic 
mean of each of the quarters of each group 
was also determined in order to study the 
effects on the different methods on pupils 
with different academic expectancies. 
(Quarters were used in the following man- 
ner: first quarter consisted of that group 
which fell below the first quartile, the second 


TABLE I 


RESULTS ON ExampLes TEsts A AND C 


Test A Test C 
Difference 
Quarterf No.of —Arith. No.of Arith, in Means 
Cases Means as Cases Means suite 
Group I—Drill 

1 42 3.64 2.30 40 5.70 3.93 2.06* 72 

2 41 4.71 2.45 42 8.17 4.61 3.46* 81 

3 42 5.62 3.41 41 9.98 5.38 4.36* .99 

4 40 8.10 5.01 37 15.51 5.58 7.41* 1.21 
Totals 165 5.61 4.01 160 9.25 6.17 3.64* 56 

Group I1—Understanding 

1 33 3.04 2.64 33 4.83 4.67 1.79 .93 

2 33 4.70 3.90 33 7.33 5.67 2.63 1.20 

3 33 7.70 4.80 33 12.67 6.55 4.93* 1.41 

4 33 10.33 6.15 33 16.64 7.28 6.29* 1.66 
Totals 132 6.54 5.24 132 10.35 7.64 3.81* 81 

Group III—Com posite 

1 45 3.78 2.84 44 5.84 4.33 2.06* .78 

2 45 5.60 2.79 45 9.67 4.90 4.07* 1.05 

3 45 7.67 3.37 45 13.44 5.52 5.77* 96 

4 44 9.66 3.32 45 15.82 4.88 6.16* .88 
Totals 179 6.71 3.39 179 43.22 21 4.51* 53 


* Significant at the 1% Level of Confidence. 


+ Each group was subdivided into four subgroups or quarters by academic expectancy. Quarter #1 refers 1 
that group below the first quartile, Quarter #2 refers to those between first quartile and the median, ete. 
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quarter included those students who fell be- 
tween the first quartile and the median, the 
third quarter were those between the median 
and the third quartile, and the fourth 
quarter were those above the third quartile.) 
The standard deviations for each of these 
scores were also found in order to determine 
how significant the gains might be. The 
differences of the means between various 
tests and groups were then determined and 
the statistical significance of each was also 
computed. The levels of confidence were 
then checked by accepted formula. The re- 
sults are shown in the accompanying tables. 
In Table I the results for the test in Ex- 
amples are shown as far as Test A and Test 
C are concerned. An examination of the 
table will show that there was a growth, or 
difference in the means of the two tests, in 
Group I of 3.64 examples, in Group II of 
3.81 examples and in Group III of 4.51 ex- 
amples. The growth by quarters was also 
determined and the results are shown in the 
same table. In Group I they range from 
2.06 to 7.41. In Group II they range from 
1.79 to 6.29, and in Group II they range 
from 2.06 to 6.16. In all cases but two these 
are significant at the 1% level. This is to say 
that there is less than once chance in 100 
that these differences are due to pure chance. 
It is interesting to note that the difference in 
the means in the first and second quarters 
of Group II was not statistically significant. 

In Table II the results of the tests in 
problem solving are shown in a similar 
fashion with somewhat similar results. We 
find that the difference in the means of all 
quarters and the totals are significant except 
for the first quarter or lowest group. In all 
three major groups we find the gains were 
ignificant during this period. For those 
above the first quarter, the gains were sig- 
nificant in all sub-groups or quarters. Table 


efers to 
ptc. 


III shows the means in the achievement in 
| Examples, comparing Groups I and II. The 
‘differences in the means by quarters in Test 
\A ranged from .01 to 2.23 examples, an 
iaverage for the total groups of .94. These 
|Were not significant at the 2% level of con- 
Tihace. This would support the evidence 
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already presented that these two groups 
were of equal ability. In Test C the results 
from the two groups were approximately the 
same as in Test A, the differences in the 
arithmetic means ranging in size from .61 
for second quarter group to 2.69 for the 
third quarter group or 1.10 for the total 
group. None of these differences were 
statistically significant. Table IV compares 
Group I with Group III. 

Table V shows the comparison of Groups 
II and III. Again, in Test A we find that the 
range for the total group was only .17. If we 
consider the difference of the means of the 
quarters, we find that the third quarter made 
only .03 of a problem difference and the 
second quarter made .90 of a difference in 
their means. None of these differences are 
significant statistically. Again, in the final 
test, or Test C, the difference in the means 
was .87 while the differences in the quarters 
ranged from .77 to 2.34. None of these differ- 
ences were statistically significant, which 
would tend to indicate that for the time of 
the experimental period the differences of 
the methods of instruction between these 
two groups were not significant. 

As indicated above each group made sig- 
nificant progress in problem solving during 
the experimental period. Each quarter of 
each group made significant progress during 
the experimental period with the exception 
of the first quarter in all three cases. None 
of these made significant progress in the 
month of the experimental study. 

Table VI indicates the differences in the 
means for Groups I and II in problem solv- 
ing. Here again the differences in the means 
for each of the sub-groups as well as for the 
total of the group were not significant in 
Test A. In the final test, or Test C, we find 
that the difference in the means of the two 
groups was 1.92. By quarters they range 
from .26 to 3.86 problems. Of these only 
two were significant, that for the total group 
and the one for the third quarter, both of 
which were significant at the 1% level. 

Table VII indicates the differences in 
problem solving between Groups I and III. 
Again the difference in the means of 
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TABLE IT 


RESULTS ON PROBLEMS Tests A AND C 


Test A Test C 
Difference 
Quarter No.of Arith. No. of  Arith. in Means 
Cases Means Cases Means 
Group I—Drill 
1 42 1.95 £37 40 2.53 1.89 .58 .37 
2 41 2.76 1.56 40 4.30 3.34 1.54* 58 
3 42 3.74 2.41 41 6.05 4.23 2.31°* .76 
4 40 5.80 2.40 37 10.58 5.34 4.79* .96 
Totals 165 3.48 2.45 158 5.78 4.87 2.30* 43 
Group [1—Understanding 
1 33 2.15 1.13 33 2.79 2.08 .64 81 
2 33 2.94 14 31 5.74 a 2.80* 1.00 
3 33 4.33 2.59 33 9.91 5.94 5.58* 1.23 
4 33 7.27 4.59 33 12.24 6.09 4.97* 2.33 
Totals 132 4.18 3.52 130 7.70 6.30 3.52" .63 
Group I11—Com posite 
1 45 2.27 1.32 44 1.76 46 33 
2 44 3.11 45 4.91 2.43 1. 80* .44 
3 44 3.89 2.42 44 7.07 3.34 S.%e .62 
4 44 4.34 2.56 45 8.42 4.05 4.08* 72 
‘Totals 177 3.37 2.25 178 5.76 3.73 2.39* aa 
* Significant at the 1% Level of Confidence. 
TABLE ITT 
I anp IIT Comparep By TESTs A AND C 
Group I Group IT 
Difference 
Quarter No. of Arith. SD No. of Arith. SD in Means oon 
Cases Means Cases Means 
Test A 
1 42 3.64 2.30 33 3.04 2.64 .60 58 
2 41 4.71 2.45 33 4.70 3.90 01 78 
3 42 5.62 3.41 33 7.70 4.80 2.68 .99 
4 40 8.10 5.01 33 10.33 6.15 2.2 1.38 
Totals 165 5.61 4.01 132 6.55 5.24 .94 55 
Test C 
1 40 5.70 3.93 33 4.83 4.67 .87 1.02 
2 42 8.17 4.61 32 7.56 5.67 61 1.23 
3 41 9.98 5.38 33 12.67 6.55 2.69 1.42 
4 37 15.51 5.58 33 16.64 7.28 1.13 1.56 
Totals 160 9.25 6.17 131 10.35 7.64 1.10 82 
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TABLE IV 
ExAmMpLes—Grouprs I anp III Comparep By Tests A AND C 
= Group I Group III 
Difference 
Quarter No. of — Arith. SD No. of — Arith. SD in Means Du 
Cases Means Cases Means 
a Test A 
1 42 3.64 2.30 45 3.78 2.84 14 .55 
2 41 4.71 2.45 45 5.60 2.79 .89 .57 f 
3 42 5.62 3.41 45 7.67 3.37 2.05* Pe 
4 40 8.62 5.01 44 9.66 3.32 1.04 94 
Totals 165 5.61 4.01 179 6.71 .78 1. .42 
Test C 
1 40 5.70 3.93 44 5.84 4.33 .14 90 
| 2 42 8.17 4.61 45 9.67 4.90 1.50 1.02 
3 41 9.98 5.38 45 13.44 Le 3.46* 1.18 
4 37 15.51 5.58 45 15.82 4.88 31 1.17 
: Totals 160 9.25 6.17 179 11.22 6.21 1.97* .67 
3 
* Significant at the 1% Level of Confidence. 
3 
4 TABLE V 
II ANp III Comparep By Tests A AND C 
3 Group II Group III 
Difference 
Quarter No.of Arith, No.of  Arith, in Means 
Cases Means Cases Means 
Test A 
1 33 3.04 2.64 45 3.78 2.84 47 .63 
2 33 4.70 3.90 45 5.60 2.79 .90 .80 ‘ 
3 33 7.70 4.80 45 7.67 K BS .03 .98 
4 33 10.33 6.15 44 9.66 3.32 .67 1.18 
— | Totals 132 6.54 5.24 179 6.71 3.39 17 52 
Test C 
1 33 4.83 4.67 44 5.84 4.33 1.01 1.04 
2 5.67 45 9.67 4.90 2.34 1.24 
3 33 12.67 6.55 45 13.44 1.41 
<8 4 33 16.64 7.28 45 15.82 4.88 .82 1.56 
Totals 131 10.35 7.64 179 11.22 6.21 .87 81 
38 
-55_ |ihese two groups in this test were not sig- between these two was not significant at the 
ificant except for the fourth quarter which 2% level, however, the fourth quarter did 
02 ‘Sain would indicate the parity of these achieve a difference in the means in favor of 
.23 {'Wo groups with the possible exception of the Group I which was significant at the 5% 
- ourth quarter. level. In Test C we find much the same 
~_ In Test C, or the final test for these two difference. 
82 joups, again, the difference of the means Group II, Table VIII, achieved a means 
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TABLE VI 
PrRoBLEMS—GrovPs I AND II CoMPARED By TESTS A AND C 


Group I Group II 
Difference 
Quarter No.of Arith, No.of  Arith, in Means 
Cases Means Cases Means 
Test A 
1 42 1.95 1.37 33 2.15 1.31 .20 75 
2 41 2.76 1.56 33 2.94 2.487 18 45 
3 42 3.74 2.41 33 4.33 2.59 .59 58 
4 40 5.80 2.40 33 7.27 4.59 1.47 88 
Totals 165 3.48 2.45 132 4.18 3.52 30 36 
Test C 
1 40 2.53 1.89 33 2.79 2.08 .26 47 
2 40 4.30 3.34 31 5.74 3.35 1.44 1.07 
3 41 6.50 4.23 33 9.91 5.94 3.86* 1.23 
4 37 10.59 5.34 33 12.24 6.09 1.56 1.38 
Totals 158 5.78 4.87 130 7.70 6.30 1.92* 67 
* Significant at the 1% Level of Confidence. 
TABLE VII 
ProsBLEMS—Grovps I AND III CompareEp By TEsTs A AND C 
Group I Group III 
Difference 
Quarter = No.of —_Arith. No.of Arith, in Means 
Cases Means Cases Means 
Test A 
1 42 1.95 Py 2:27 1.32 .32 .29 
2 41 2.76 1.56 3.11 1.77 35 .36 
3 43 3.74 2.41 3.89 2.42 15 ae 
4 40 5.80 2.40 4.34 2.56 —1.46* 54 
Totals 165 3.54 2.45 177 3.357 2:35 — .17 25 
Test C 
1 40 2.53 1.89 2.73 1.76 .20 .40 
2 40 4.30 3.34 4.91 2.43 61 64 
3 41 6.50 4.23 7.07 3.34 1.02 83 
4 37 10.86 5.34 8.42 4.08 —2.44 1.07 
Totals 158 5.78 178 5.76 — .02 48 


* Significant at the 1% Level of Confidence. 


considerably above that of Group III and 
statistically significant for the third and 
fourth quarters of the total group. 

Table IX shows the net gain by groups in 
the mean number of correct responses from 
Test A to Test C. The table should be inter- 


preted in this way. In Examples, Group ! 
made a mean gain of 3.64 correct responses 
between Test A and C. A cursory examina- 
tion of this table will indicate as shown above 
that in every case, significant gail 
were made except the lower half of Group 
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II in Examples and the lower quarter in all 
three groups in problem solving. 

We might evaluate the effectiveness of 
each of these methods by comparing the net 
gains made by each group over the same two 
tests. This is shown in Table X. If we com- 
pare Groups I and II the difference for the 
total group in the net gain was only .17 of 
one response. This would be statistically sig- 
nificant at the 5% level. If we examine the 
net gains by quarters of each group, we find 
that the second quarter as defined above and 
the fourth quarter made significant gains at 
the 1% level while the third quarter made a 
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significant gain at the 2% level. The nega- 
tive signs indicate that the second group 
named made the least gain. In other words, 
in comparing Group I with Group II, 
Group I as a whole made more gain than 
Group II. In the second pair of columns we 
have compared Group I with Group III. 
The lower quarter of each group made 
exactly the same progress. Second quarter 
and the third quarter of Group III did sig- 
nificantly better than Group I, while the 
fourth quarter Group I made a significant- 
ly better gain than Group III. In the last 
two columns we have compared Group II 


TaBLeE VIII 


PROBLEMS—GrOUPs II AND III CompareEpD By Tests A AND C 


Group II Group III 
Difference 
Quarter No. of Arith. SD No. of Arith. in Means 
Cases Means pe Cases Means deat 
Test A 
1 33 2.15 1.31 45 2.27 1.32 mp RY 
2 33 2.94 44 3.45 17 .46 
3 33 4.33 2.59 44 3.89 2.42 —1.44* 58 
+ 33 Ye | 4.59 44 4.34 2.56 —2.93* 89 
Totals 132 4.18 332 177 3.37 2.25 — .81 oo 
Test C 
1 33 2.79 2.08 44 1.76 — .06 
2 a 5.74 I be 45 4.91 2.43 — .83 .99 
3 33 9.91 5.94 44 7.07 3.34 —2.84* $515 
4 33 12.24 6.09 45 8.42 4.05 —3.82* a i 
Totals 130 7.70 6.30 178 5.76 3.73 —1.94* .62 
* Significant at the 1% Level of Confidence. 
TABLE IX 
A DIFFERENCES (GAINS) IN MEANS OF CoRRECT RESPONSES BY GROUPS FROM Test A TO Test C 
Examples Problems 

I II Ill I II Ill 

1 2.06* 1.79 2.06* .58 64 46 

2 3.46* 2.63 4.07* ag 2.80* 1.80* 

3 4.36* 4.93* 3.35" 3." 

4 7.41* 6.29* 6.16* 4.79* 4.97* 4.08* 

Totals 3.64* 3.81* 4.31" 2.30* 


* Significant at the 1% Level of Confidence. 
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TABLE X 
DirFERENCES (GAINS) IN MEANS BETWEEN GRouPS 
I-III 
Quarter 
Difference DM Difference DM Difference DM 
Examples 
1 — .27 . 1980 0.0 . 1622 .27 .1997 
2 — .83* . 2429 .61* .1995 1.44* . 2604 
3 . 2897 1.41* .2100 .84* .2851 
4 —1.12* 3509 —1.25* . 2366 — .13 3173 
Totals 17 .0825 85 3975 70 .4012 
Problems , 
1 06 1.0830 — — .18 1.0664)" 
2 1.26 1.2575 .26 1.0132 —1.00 1.2019 pod 
3 3.27° -9412 .87 6164 —2.42 1.3227 , 
4 .18 1.5113 — .71 1.2934 — .89 1.4297. 
Totals 1.22 1.0314 .09 .8710 —1.13 


* Significant at the 1% Level of Confidence. 


and Group III. The second and third quar- 
ters of Group III did significantly better 
than Group II. In summarizing this material 
we can therefore say that in comparing the 
middle 50% of the class, Group III did 
better than Group I or Group II. In the 
lower part of this table, the relationships are 
shown as far as problem solving is concerned. 
The differences in net gains in problem 
solving were not significant in any case ex- 
cept for the third quarter of Group II which 
made a significantly better showing on the 
second test than did Group I. 


Summary 


In summarizing the above results we may 
tentatively conclude that: (1) The three 
upper quarters of all three groups made sig- 
nificant progress during the experimental pe- 
riod. The progress is measured in the differ- 
ence of the means of the achievement at two 
testing periods and indicates a significant 
difference at all levels except the first quar- 
ter sub-group of each major group. (2) The 
differences in the means between the differ- 
ent groups as measured by the Form A Tests 
was not significant in most cases. (3) There 
is some evidence to indicate that the com- 
posite method of Group III was more effec- 


tive than the drill method of Group I with 
the total group and especially with the third 
quarter sub-group. (4) The emphasis given 
to understanding in Group II seems to have 
had some advantage in problem solving 
for the third and fourth quarter groups as 
evidenced in Table VIII. (5) The lack of 
statistically significant results in some parts 
of this experiment may be due to the fact 
that the experimental period was too short. 
(6) Another possibility might be that there 
is no significant difference in the teaching 
methods used. (7) The evidence leads to the 
conclusion that perhaps the experiment 
should be carried on for a longer period, 
either the period of instruction lengthened 
or the same amount of instruction spread 
over a longer period of time. 


Addenda 


In order that others may study the results 
of the experiment and perhaps compare re- 
sults, the question used on the Problems 
Test—Form C are given below. Also, the 
scores by groups on this test are given. 


PERCENTAGE TEst—ProsLeEms, Form C 


1. If a number is divided by another number less 
than one, is the quotient larger or smaller than 
the dividend? 


2. 
4, 
5. 
6. 
7. 
8. 
9, 
10. 
11. 
12. 
14. 
15. 
16. 
17. 
18. 
19, 
21. 
22. 
| 
24. 
25. 


less 
than 
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. What is the value of § to the nearest hundredth? 
. How many times as much as .05: is 5? 


is 2.5? 
is .35? 


. How many boards 3.5 feet long can be cut from 


a board 14 feet long? 


5. What is 100% of 37? 


ow ~ 


. If apples contain 85% water, what per cent of 


them is solid matter? 


. Which is most, 3, 40%, or .35%? 

. Which is the least, 3%, .3, or 2.5%? 

. Express 80% as a fraction in lowest terms. 

. 14.3% is equal to the decimal—14.3, 1430, 


.0143, .143, 1.43 


. A department store ran a sale, marking the 


ice of every article down 30%. What was the 
ile price of an article originally marked $15? 
14.70, $12, $10.50, $10, or $5 


. .« bank pays 4% interest on its deposits at each 


interest period. If the deposits are $365,000, 
what is the amount of the interest? 


. A family spends 30% of its $2000 annual income 


for food. What is the average monthly cost of 
food? 


. Ia man earns $80 in a week and has deductions 


of 1% for unemployment insurance, 14% for 
old-age security, and $12 for income tax, how 
much does he have left? $65.50, $66, $67.80, 
$67.97, or not given 


. A man received seven per cent interest on a 


loan of $200.00 for 6 months. How much in- 
terest did he receive? $10.00, $7.00, $3.50, 
$4.50, or none of these 


. Find the interest on $360 at 2% for 6 months. 
. Goods that cost $60 were sold for $96. If the 


combined overheads were 25% of the selling 
price, what was the profit? 


. A dress selling for $26.00 was marked to give 


a margin of 20% of the selling price. What was 
the cost? 


. If a real estate agent’s commission is 5% of the 


selling price, what does he receive for selling a 
house for $15,000? $75.00, $300.00, $333.00, 
750.00, or not given 


. Mrs. Tucker bought a window fan priced at 


$54.50. She received a discount of 20%. How 
much did the fan cost her? 


. A note for $500 was discounted at 6% for 30 


days. What were the proceeds? 


. Frank earned $16.00 and saved $8.00 of it. 


What per cent did he save? 3, 50, 334, $24.00, 
or none 


. When the price of a dozen eggs increases from 


25¢ to 35¢, what is the per cent of increase? 


. BJHS won 26 basketball games while playing 


40 games. What per cent of the games played 
did they win? 


. A shirt marked to sell at $4.00 was sold for 


$2.80. What was the per cent of reduction? 
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FREQUENCY CHART—PROBLEMS TEsT, Form C 


Scores | Group I Group II Group ITI 

23 | 

4 1 

23 1 

1 1 

21 | 1 2 

20 1 5 

19 | 2 2 

18 0 2 | 1 

2 3 2 

16 1 6 1 

5 4 2 5 

14 5 4 2 

13 6 2 3 

12 1 2 | 2 

11 1 | 3 | 3 

10 4 
9 5 4 | 6 
8 3 | 4 | 14 
7 9 | 5 16 
6 15 5 20 
5 15 8 | 29 
4 13 | 18 17 
3 24 | 15 22 
2 24 16 12 
1 12 8 17 
0 8 4 2 

Totals | 158 | 130 


Eprror’s Nore. Apparently the better method to 
use in teaching percentage is a combination of the 
development of understanding plus sufficient drill 
or practice to establish the learning at a useful level. 
It is interesting and a little shocking to note what 
small gains were made by the lower levels during 
the 19 days of instruction. Note in the Addenda the 
frequencies of scores made by the three groups on 
the Problems Test—Form C. Note where the high 
frequencies of each group occur. Would your school 
do better after 19 days of instruction followed by 
six weeks of no instruction or practice? The editor 
is more concerned with gross score gains from one 
testing period to another than he is with the propo- 
sition of ruling out “‘chance”’ as a statistical factor. 
He would have expected higher gains from Test A 
to Test C for each of the three groups. Some of the 
problems in the test normally would not be covered 
in a first four-week teaching period of percentage. 
But the test was not too difficult for a few pupils. If 
we want pupils to learn any topic in arithmetic we 
must provide the stimulation, the teaching, the 
learning, and the final checks. The Kern County 
teachers and their leaders have given us a study of 
comparison of three approaches from differing 
points of view. We can build upon their results. 
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The Role of Attitude in Learning Arithmetic 


J. Peter Fepon 
The Tatnall School, Wilmington, Delaware 


HIS IS A PARTIAL ANALYSIS of an arith- 

metic teaching experiment conducted 
in the third grade of an independent Wil- 
mington Sthool during the school year 1957- 
58. 

The group was divided into two sections of 
16 children. No effort was made to equate 
the groups on a one to one basis but an at- 
tempt was made to have a heterogeneous 
selection of about equal ability on the basis 
of intelligence, reading ability, arithmetic 
age, chronological age, and sex. 

Prior to the experiment each child had 
been given the Wechsler’s Intelligence Scale 
for Children (WISC). The WISC was ad- 
ministered by a competent psychologist, 
but while some tests were given in the Fall of 
1957 others had been given as far back as 
kindergarten. The arithmetic age was de- 
termined by the California Arithmetic 
Achievement Test. Reading ability was 
based on observed scholastic achievement 
as indicated by the second grade teachers. 
Each group consisted of 9 boys and 7 girls. 
The chronological ages of the two groups 
ranged from 7 years, 6 months to 9 years 
2 months with a mean of 8 years 6 months. 
The intelligence quotients ranged from 99 to 
140 with a mean of 115.6. The arithmetic 
ages ranged from 8 years, 1 month, to 9 
years, 11 months with a mean of 9 years, 0 
months. 

The purpose of this paper is to report on 
only one aspect of this larger study. An atti- 
tude inventory was developed in an effort to 
“‘measure” attitudes toward arithmetic. 

In reporting on the results of the atti- 
tudes, the findings will be discussed as a 
whole rather than as a comparison of one 


group as opposed to the other. The impor. 
tant factors are the attitudes of children and 
the method used in measuring these atti- 
tudes. 

The study was inspired by two similar 
studies conducted by Wilbur H. Dutton (1 
and 2). He attempted to show reactions of 
one group of Junior High School students 
and another group of College Students. It 
was found that initial strong feelings both 
for and against arithmetic were formed in or 
around the third grade. 

Dutton’s work was based on the original 
work of Thurstone (5) who outlined proce- 
dures for building a scale that would ‘“‘meas- 
attitudes. 

The attitudes were measured by accepted 
or rejected opinions. Thurstone (3, p. 535) 
refers to this technique as the ‘“‘more or less” 
type of judgment. He defends the attempt to 
measure attitudes on the basis that man’s 
total feelings and inclinations are indicated 
through verbal expressions if the situation 
is free of pressure or inhibitions. Thurstone 
(3, pp. 531-37) claims that ‘an opinion 
symbolizes an attitude’ and “serves as 
the carrier of symbol of the attitudes of peo- 
ple.” 

Assuming then that an atmosphere con- 
ducive to honest opinions is established, the 
attitude scale as prepared by Dutton (2, p. 
27) should measure attitudes more ob- 
jectively since it is constructed on a rational 
base line so designed as to interpolate the 
statements at a given scale value. 

A detailed explanation of how this scale 
was constructed, scored, and tested for re- 


liability can be found in the two sources men — 


tioned above. 
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Procedure 


It was felt that an “intensity scheme” 
would increase the accuracy of the reactions. 
Intensity of feelings was determined by a 
color chart. In building the “‘color intensity 
scheme,” seven colors were placed in a circle 
as shown in Figure I. The circle of colors was 
used so as not to influence the child’s prefer- 
ence through the mechanics of selection. 


2 
as 


Fic. I. Color selection wheel. 


The children were asked to select the most 
liked, disliked, and neutral colors first and 
then their intermediate choices. 

The choices were scored on a point basis. 
Allowing (7) points for the most liked, (6) for 
the next and so on until the seventh choice, 
or least liked was given (1) point. The selec- 
tions were then tabulated. Figure II shows 
the distribution of choices, the number of 
times each color was selected, and the total 
point score. 

One change was made when making the 
final ‘“‘color scheme.” Black was placed last 
and orange was placed in the sixth position, 
} even though the total point score for blac. 
was higher. This was justified on the basis of 
the greater number of times black was chosen 


last (12) as compared to any other color. 

It was now necessary to teach the sig- 
| nificance of the “‘color intensity scheme.” It 
| was important to stress the relationship of 
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Fic. II. Distribution of color selections. 
NUMBER OF CHOICES 

Rank | 1] 2/3] 4/5] 6] 7 

ore 
D. Bule 8| 8 | 4 4| 2 5 1 | 157 
L. Blue 6 4), 3 | 4) 3) 143 
Yellow 7 4 | 122 
Brown 0}; 41410} 2 6 6 | 108 
Orange 4; 8] 9 5 | 95 


red to indicate an extreme positive attitude 
and black to indicate an extreme negative 
attitude and that yellow conveyed a neutral 
attitude. The intermediate colors, dark blue, 
light blue, brown, and orange conveyed 
lesser degrees of the two extremes. 

The children’s understanding of the color 
scheme was tested through common ex- 
periences in many situations during the en- 
tire school year. 


Results of the Responses on 
the Attitude Scale 


Dutton’s attitude scale is shown in Figure 
III. The scale value and the number of each 
statement, as they were read, are indicated 
in the left hand columns. The number of 
responses and the color scale values are in- 
dicated in the right hand columns. Each 
question was read to the children to avoid 
reading difficulties. In addition, the follow- 
ing words were defined to ensure thorough 
understanding: No. 3, accurately; No. 5, 
practical; No. 7, enthusiastic; No. 10, chal- 
lenge; No. 13, detest; No. 15, avoid; No. 22, 
value. The children reacted to every atti- 
tude. The acceptance or rejection of the at- 
titude was determined by their color choice. 

A strong respect for arithmetic was indi- 
cated by the children’s responses to state- 
ments 5, 8, 10, and 14. Statement 8, 
**Arithmetic is as important as any other sub- 
ject” and statement 14, “I enjoy doing 
problems when I know how to work them” 
are particularly significant for the intensity 
of the children’s reaction as indicated by the 
red and dark blue responses. There were 18 
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Fic. III. Responses of third grade children on an arithmetic attitude scale. 


Scale State- Number of Responses Color 
Value ment Attitude Statement Scale 
Number Positive |Negative| Neutral | Value 
1.0 13 I detest arithmetic and avoid using it at all times. 10 14 8 —9.5 
: Fe 20 I have never liked arithmetic. 11 17 4 —8.5 
2.0 18 I am afraid of doing word problems. 16 12 4 —7.5 
2.5 11 I have always been afraid of arithmetic. 12 17 3 —6.5 
3.0 22 I can’t see much value in arithmetic. 17 13 2 —5.5 
3.2 15 I avoid arithmetic because I am not very good 13 14 5 —5.1 
with figures. 
x | 9 Arithmetic is something you have to do even 22 8 2 —4.9 
though it is not enjoyable. 
32 2 I don’t feel sure of myself in arithmetic. 12 10 10 —4.1 
4.6 6 I don’t think arithmetic is fun, but I want to do 21 5 6 | —2.3 
well in it. 
ae 7 I am not enthusiastic about arithmetic, but I have 15 6 11 — 9 
no real dislike for it either. 
5.6 4 I like arithmetic, but I like other subjects just as 17 3 12 — 3 
well. 
5.9 8 Arithmetic is as important as any other subject. 25 3 4 + .3 
6.7 14 I enjoy doing problems when I know how to work 27 3 2 +1.9 
them well. 
7.0 10 Sometimes I enjoy the challenge presented by an 18 6 8 4+2.5 
arithmetic problem. | 
7.9 5 I like arithmetic because it is practical. 19 10 3 +3.9 
8.1 19 Arithmetic is very interesting. 20 8 4 +4.7 
8.6 3 T enjoy seeing how rapidly and accurately I can 23 5 4 +5.7 
work arithmetic problems. 
9.0 12 I would like to spend more time in school working 11 15 6 +6.5 
arithmetic. 
9.5 1 I think about arithmetic problems outside of 11 11 10 +7.5 
school and like to work them out. 
9.8 17 I never get tired of working with numbers. 13 9 10 +8.1 
10.4 21 I think arithmetic is the most enjoyable subject I 16 10 6 +9.3 
have taken. 
10.5 16 Arithmetic thrills me, and I like it better than any 16 12 4 +9.5 
other subject. 


red and 6 dark blue choices for statement 8, 
and 19 red and 6 dark blue choices for 
statement 14. It was interesting to note that 
both statements received the greatest num- 
ber of positive responses and the least num- 
ber of negative responses. 

A strong positive and particularly a strong 
red response (18 red) in statement 6, “I 
don’t think arithmetic is fun, but I have no 
real dislike for it either’? would seem to in- 
dicate that children consider arithmetic as 
being necessary. The responses to statement 
9, “Arithmetic is something you have to do 
even though it is not enjoyable” with 22 posi- 
tive responses seems to substantiate this 
feeling. 

The challenge presented by arithmetic is 


apparently a strong motivating force. State- 
ment 3, “I enjoy seeing how rapidly and 
accurately I can work arithmetic problems” 
was positively indicated 23 times. Statement 
19, “Arithmetic is very interesting’? was 
positively chosen by 20 children. In both 
statements most childen indicated strong 
feelings by choosing the color red. 

It was revealing to note the strong nega- 
tive responses (17 each) to statement 11, “I 
have always been afraid of arithmetic’’ and 
statement 20, “I have never liked arith- 
metic.”’ The children that rejected these two 
statements were particularly emphatic. Each 
received 15 black choices. 

Statement 18, “I am afraid of doing word 
problems” shows some anxiety about word 
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problems. There were 12 that indicated an 
intense feeling toward this statement, while 
4 chose the dark blue color. It was interesting 
to note, however, that there were 12 nega- 
tive responses to statement 18, 10 of which 
were the color black. Statement 13, “‘I de- 
test arithmetic and avoid using it at all 
times’ shows that 10 children indicated a 
disrespect for arithmetic in varying degrees 
of intensity. By the same token, an equal 
number of childen chose the color black 
when reacting toward this statement. 

Two extremely positive statements, No. 16, 
“Arithmetic thrills me and I like it better 
than any other subject” and No. 21, “I 
think arithmetic is the most enjoyable sub- 
ject I have ever taken” shows that 16 chil- 
dren reacted positively to each statement in 
varying degrees of intensity. To these same 
statements, 10 and 12 children, respectively, 
reacted in a negative manner. For No. 13, 
an extremely negative statement, there were 
10 children that reacted favorably. It would 
seem that at least one-third of the group 
have already established attitudes opposed 
to arithmetic. 

Other statements that show an unfavor- 
able attitude toward arithmetic are Number 
11, “I have always been afraid of arithmetic” 
with 12 positive responses, 8 of which were 
red; and Number 15, “I avoid arithmetic 
because I am not very good with numbers,” 
positively indicated 13 times, 9 of which 
were red. 


Developing a Scale Value for 
the Color Scheme 


In order to combine the values of the 
color intensity scale and Dutton’s state- 
ments, it was necessary to evolve a statis- 
ically valid method. Dutton’s scale went 
from 1.0 to 10.5 (see Figure III). By taking 
the median of 5.75 as 0 and then going up 
and down the scale by .5, we evolve a nu- 
merical scale that ranges from —9.5 to +9.5 
with eleven positive and eleven negative 
‘tatements on each side. If we arbitrarily 
assign a value of .7 (red), .6 (dark blue), .5 
light blue), .4 (yellow), .3 (brown), .2 


DecemMBer, 1958 307 


(orange), .1 (black), we then get an inten- 
sity value for each statement. When we mul- 
tiply the rating of each statement (—9.5 to 
+9.5) by the color scale values (.1 to .7) we 
can get a measure of intensity for the entire 
attitude scale. The total positive and nega- 
tive scores are then subtracted and the re- 
sultant remainder is the child’s attitude for 
Dutton’s entire scale. 

The possible total score ranges from 
+36.42 to —32.58. These are broken apart 
to correspond to the color spread. Figure IV 
shows this spread, while Figure V summa- 
rizes the number of cases for each attitude 
classification. 


Related Research 


Along with the attitude scale, the children 
were asked to react to some general ques- 
tions. They were asked to indicate what they 
felt was their teacher’s, their parents’, and 
their own attitudes toward arithmetic. This 
was an attempt to weigh additional factors 


Fic. IV. Color spread for attitude category. 


Number Spread Color Category 
+36.42 to Red 
+26.02 

+26.01 to Light Blue 
+15.61 

+15.60 to Dark Blue 
+ 5.20 

+ 5.9 to Yellow 

— 4.65 

— 4.66 to Brown 
—13.96 

—13.97 to Orange 
—23.27 

—23.28 to Black 
—32.58 
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Fic. V. Number of cases summarized 


No. of 

General Feeling Color pie 
Strongly Positive Red 2 
Positive Dark Blue 5 
Slightly Positive Light Blue 6 
Neutral Yellow 11 
Slightly Negative Brown 7 
Negative Orange 1 
Strongly Negative Black 0 
Total Cases 32 


that have a direct bearing upon the atti- 
tudes. 

The children’s attitudes were solicited 
after working on tests of problem solving and 
arithmetic processes. These tests were stand- 
ardized diagnostic forms that culminated 
each chapter in the basic textbook. After 
completing each test, the children indicated 
on the “color scheme”’ their feelings toward 
arithmetic. Four such tests were adminis- 
tered during the year beginning in January. 
A standardized achievement test was ad- 
ministered in March instead of the usual 
test. The results for these tests are listed in 
Figures VI and VII. 

“Attitudes toward problem solving,” 
Figure VI, seems to indicate a definite shift. 
Whereas a strong yellow feeling was char- 
acteristic during the January, February and 
March tests, there is a pronounced positive 
swing in April and May. It is particularly 
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significant for the large increase in the red 
responses during the latter two tests. 

As shown in Figure VII, there seemed to 
be little change in children’s attitudes to- 
ward the “arithmetic processes” test. The 
March standardized test showed a large 
number of black responses which can prob- 
ably be attributed to the graduated difficulty 
of the problems in the test itself. The April 
and May tests show a wide distribution on 
the “‘color scale”’ with a consistent display of 
feelings both for and against arithmetic. 

The children’s attitudes were grouped into 
five categories as shown in Figure VIII. The 
results of this classification are listed in 
Figure IX. 

In Group I, or those who were classified as 
strongly positive, the color red was marked 
most frequently. Whenever a child would 
change to an intermediate color, the shift 
was usually to dark blue. 

Of the eleven who indicated a strong 
positive attitude on the processes tests, 
Figure IX, eight achieved good scores con- 
stantly. The scores of three children varied 
from good to fair. Of the twelve who in- 
dicated a strong positive attitude on the 
problem tests all achieved a high degree of 
success. 

Group II made greatez use of the inter- 
mediate colors as varying degrees of diffi- 
culty were encountered. Success on any 
given test more often determined the atti- 
tude. However, the neutral color was fre- 


Fic. VI. Attitudes toward problem solving tests. 


Attitude Red om oe Yellow | Brown | Orange | Black 

January 12 2 6 10 0 0 2 " 
g| February 9 4 3 12 2 1 1 

March Standardized Achieve- 

4 ment Test 8 3 2 14 0 3 2 
S| April 17 3 2 7 0 1 2 
May 20 4 2 4 1 ay one 0 
Totals 66 16 15 47 3 dill | 4 
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Fic. VII. Attitudes toward arithmetic processes tests. 


Attitude Red a — Yellow | Brown | Orange | Black 

January 11 + 4 4 10 2 0 1 

7 February 16 4 4 6 1 1 0 
March Standardized Achieve- 

4 ment Test 10 4 1 8 0 0 9 

Ss April 17 5 1 4 2 1 2 

May 12 4 4 6 1 2 3 

Totals 66 21 14 34 6 4 15 


quently employed regardless of the scores 
achieved. The general achievement of the 
children in this group was good. 

Within Group III, three classifications of 
equal grouping could be made. One group 
was consistently neutral while the other two 
groups showed slight leanings in either direc- 
tion. In all cases, however, it was obviously 
clear that there was an indifferent attitude 
toward arithmetic. The scores achieved were 
good but had little effect upon influencing 
the attitude chosen. 

In Group IV, the attitudes were incon- 
sistent. There was no relationship between 


Fic. VIII. Grouping on the basis of attitudes 
toward achievement tests. 


Group Classification 


Those who were consistently positive 


the color selected and success achieved, nor 
any revealing pattern from one month to the 
next. It was not uncommon to switch from 
one extreme to another. Group V was defi- 
nite in its dislike of arithmetic. The only 
fluctuation in their negative attitude was 
among the three colors that indicated a dis- 
like for arithmetic. It was interesting to note 
that of the four in this group, three were 
very high achievers in arithmetic. 

A final observation on the results of Figure 
IX is that the four negative attitudes were 
indicated on the “‘processes” tests while none 
could be classified in this category on the 
arithmetic “problems” tests. 


Fic. IX. Classification based on tests of 
processes and problems. 


Number of Cases 


ONE and indicated a strong attitude toward Group Process | Problem | 7°tal 
arithmetic. Tests Tests 
Those who were positive but occasional- Group I 11 12 23 


TWO ly had neutral reservations. Their gener- 
al attitude was not particularly strong. 


(Stongly Positive) 


Group II 9 7 16 
Those who indicated a neutral attitude (Positive) 
THREE | and showed no obvious tendency in 
either direction. Group III 3 7 10 
(Neutral) 
Those who were inconsistent in their 
FOUR responses and no clear pattern was dis- Group IV 5 6 11 
cernible. (Inconsistent) 
FIVE Those who were obviously negative Group V 4 0 4 


in their attitudes toward arithmetic. 


(Negative) 
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Fic. X. Children’s attitudes of how parents and teachers feel toward arithmetic. 


Attitude Red Dark Blue | Light Blue; Yellow | Brown iin Black 
Mother’s Attitude 10 5 5 | | 2 
Teacher’s Attitude 22 4 1 x 

Total 43 10 Te | 23 | s | 1 | 4 


Figure X shows children’s responses when 
asked to indicate how their parents and 
teachers felt toward arithmetic. The children 
felt that parents’ attitudes were generally 
favorable although a large number were un- 
decided as was indicated by their neutral 
responses. However, there can be no doubt 
about how the children think their teachers 
feel toward arithmetic. Particularly signifi- 
cant here is the large number of red re- 
sponses (22) and only one negative response. 


Summary 


It is hoped that by studying children’s at- 
titudes we may be able to evaluate the total 
arithmetic program more intensively. 

The scales discussed in this paper are an 
attempt to cast light on some aspects of the 
arithmetic curriculum that are liked and dis- 
liked. Attitudes play an important part in 
the success of the arithmetic program. If we 
feel that they are a valid criteria for evaluat- 
ing the effectiveness of our program, then 
the application of this scale will provide 
better opportunities to study children’s re- 
actions as they experience arithmetic in daily 
life. 

The initial results obtained through this 
attempt to measure attitudes have given 
enough encouragement to extend this study. 
Some general observations that were made 
are: 

1, It would seem apparent that very definite 

attitudes are being expressed, both for and 
against arithmetic as early as third grade. 


2. Dutton’s attitude scale was adequate. How- 
ever, it would be more practical to build an 


attitude scale with elementary school children 
participating in its structure. 

3. The “color scheme” provided an opportunity 
for greater discrimination in accepting or re- 
jecting an attitude. 

4. There is a general feeling that various aspects 
of arithmetic are enjoyable and necessary, but 
not always meaningfully significant. 
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Eprror’s Norte. Yes, attitude plays an important 
role in learning arithmetic. Mr. Fedon points out 
that, at the level of grade three, children have 
already rather firm attitudes toward the subject. It 
was good to learn that these pupils thought that 
their teachers had a very favorable attitude. How 
are attitudes formed? Just how important a factor 
is the casual comment of parents? How do we as 
teachers work for establishing a wholesome frame of 
mind with our pupils? Is it necessary to do this 
consciously? How can a school overcome the un- 
favorable impressions gained from a_ perhaps 
thoughtless parent who says, “‘I hope you can learn 
arithmetic, I never could,” or “I don’t understand 
why you have to learn all that stuff”? Occasionally 
a conflict comes in the other direction, as for ex- 
ample, the pupil who learned at school that 2 +0 =2 
and whose father tried to explain the significance 
of division by zero only to have the child say to his 
mother, “I agree with father at home to make him 
feel good but at school we know that two divided 
by zero is two.” Perhaps other teachers have differ- 
ent methods of determining the feelings of their 
pupils toward arithmetic which they would like to 
report. How does one teacher take a whole grade 
that last year “hated arithmetic” and in a few 


short months create a favorable change? | 
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Utilizing the Strategic Moment In Arithmetic 


Mary BALLARD PIETERS 
Claremont Elementary School, Claremont, Calif. 


The Search 


nme WAS FOUR YEARS OLD. The sand 
dropped more and more slowly from 
his dipper as he looked up at the blue sky 
with the clouds moving quietly over. His 
voice became softer as he spoke. 
‘*Houses don’t run into stars— 
They’re higher than that. 
Trees don’t run into stars— 
They’re higher than that. 
Airplanes don’t run into stars— 
They’re higher than that. 
And maybe 
They’re higher than that!” 


What sort of quest is this that makes Billy 
reach out into the world of the known to its 
very outer limits, and then to search be- 
yond? And in what way will he be helped in 
this adventure by the teacher lucky enough 
to hear and know his wonder? 

Few upper-grade teachers have the op- 
portunity of the nursery-school and kinder- 
garten teacher to catch these glimpses of the 
reaching mind. Even primary teachers voice 
a wish that children could be as natural with 
them as with the kindergarten teacher who 
may see what’s deeply, really there. Some- 
how, somewhere in the early school years, 
children learn to fit into some outer scheme 
the social situation imposes upon them, a 
scheme that precludes or, at best, limits the 
openness of experimenting into the world 
of wonder that is their own. 

Yet this world is not far beneath the sur- 
face. High school students, trained in ob- 
serving in kindergartens, are often deeply 
moved by what seems to them an unbeliev- 
able discovery—that these “‘babies”’ are try- 
ing just as eagerly, just as violently, as they 
themselves to break through to something 
that is there to be discovered. 

Is it only the social situation and its pres- 
sures that make this wonder lose itself, go 


underground soon after school entrance, not 
to show itself in a class situation, even per- 
haps as far as high school? Or is there a lack 
of sequential development in curriculum, a 
lack of recognition of what the child is seek- 
ing, that separates the child’s search and 
what the curriculum offers him to aid in his 
quest? 


The Curriculum 


It has been held that during the early 
school years a rich experience program - 
would permit this search to continue. From 
the viewpoint of the teacher who wishes to 
utilize the strategic moment for teaching to 
the fullest extent, a program which is merely 
a rich experience program is not enough. 
There must be respect for the new idea, freedom 
for planned and unplanned experimentation, and 
an environment filled with the excitement of dis- 
covery. Most important, there must be a guiding 
person who knows where the learner is, where she 
hopes he will go, and how he is to get there—a 
person who will not be hesitant in manipulating 
the children’s environment in any way she feels 
will make the learning more efficient. Only with 
the most careful planning and observation 
and with the most astute teaching, does the 
rich experience program become a flux that 
causes the learner to discover what he needs 
to know. 

Since discovery should not be haphazard, 
a different way of planning the learning 
situation is required. Teaching is not telling. 
Teaching is not telling because learning is 
not memorizing and repeating. Wherever 
learning is recognized to be discovering, the 
teacher will set the stage for the learner so 
he will discover what is important for him 
to discover, and will do so in a way that is 
time-saving, direct, and most meaningful 
for his efficiency in society, both at the 
moment and as he grows older. 
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The Strategic Moment 


If the child’s search is to operate within 
the curriculum, the teacher must know 
exactly what concepts she wants to teach 
and how these develop in the child, and she 
must recognize the strategic moment when 
one comes. 

After that, the teacher needs to learn how 
to stimulate the child to discovery and in- 
vention. There is no “hands-off” attitude 
here. Nor is it a situation in which one can 
teach the book or the unit. The child is al- 
ways ready to be stimulated at his own de- 
velopmental level. 

In each of the following instances of 
readiness for growth in some mathematical 
concept, the child’s need could be met best 
by the teacher who, herself, was “‘ready.” 
She had to be ready to see, to act from an 
understanding of the concepts to be devel- 
oped and the children developing them, and 
to relate these concepts efficiently to the 
body of knowledge the child must master. 

For example, there’s Billy and the stars. 
Billy is experimentally testing what he knows 
about distance out from his world into in- 
finity. He is studying distance and degree of 
distance, without any numbers at all, by 
evolving his own highly individual ‘‘num- 
ber scale” for distance in a specific direction. 
He has begun to establish limits to that scale, 
though they are implied rather than stated. 
One limit is himself or the ground; the 
height of a star is the other. He is establish- 
ing his own markers along the scale—from 
‘*houses”’ to “trees” to “airplanes,”’ and then 
to a “‘maybe” that he wants to know more 
about. 

Could it kill any of the wonder in Billy’s 
search if the teacher at this point brought 
into his realm of experience literature, pic- 
tures, poetry and, yes, facts, cold hard facts, 
even though they might not agree with the 
TV-comicbook world of phony space fiction? 
Facts, that is, that never seemed to give the 
answers, but only pointed up the immensity 
and validity of the question Billy was asking? 
Yes, it could kill the wonder. It could, if 
the teacher presented too great, too “pat,” 
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too certain a body of learning to very young 
Billy. But it would not kill it if all this was 
presented with restraint, with its main ob- 
jective the respectful recognition that this 
is a mystery not yet solved, a problem not 
yet answered, a valid area for wonder, a 
field in which men, like Billy, are working 
and questioning, trying to push the known 
out into the unknown, marker by marker, 
point by point, measurement by measure- 
ment. 

Far too often, education does not begin with a 
problem. We start teaching, not the wonder, not 
the question, but answers and methods to find an- 
swers. Yet it is altogether feasible to go at 
it the other way ’round and so to fill the 
child with interest and question in all the 
areas of mathematics that he cannot rest till 
he has found the tools and skill with which 
to make them his own. 

This wonder, this excitement, this ques- 
tion in the minds of all the Billies is the most 
important “readiness” a teacher can foster. 
To pick it up gently, to nurture it carefully, 
to stimulate it respectfully, and never to 
kill it with the pat and total answer—that 
is the greatest responsibility the teacher has. 
And, in the instance of Billy, this is what the 
strategic moment for teaching asks. 

With the very youngest, as with older 
children, the teacher’s part at a given mo- 
ment may be merely to help the child 
clarify a term for a mathematical relation- 
ship of which he is already clearly aware. 
Such a need was Stephen’s, at the age of 
three years. 

STEPHEN: My birthday was tomorrow. 

Teacuer: Is it tomorrow? 

STEPHEN: Yes, it was. 

Janet (aged 4 years, 7 months): Stevie, if you mean 
the day before today, it was yesterday. 

STEPHEN: Yes, I know. It was yesterday. 


TEACHER: Has the birthday already been? 
STEPHEN: Yes, and the fudge has already been, too. 


Equipment Helps 


Other needs are met by careful choice of 
equipment which permits arithmetic learn- 
ing to proceed efficiently. In the following 
example, two five-year-olds discover mul- 
tiplication. They do it in order that they 
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may continue to add, and do it by a process 
that parallels the process of division. With- 
out the multiple-series blocks, they might 
not have discovered this so soon; with them 
they were enabled to recognize a mathe- 
matical relationship and to define accurately 
the second discovery—that of the inverse 
relationship between the multiplication and 
division processes. 

Jon: I don’t have any more long blocks. (Looks at 
3-row block building.) 

Bossy: Oh, gee whiz! No more. 

Normiz: Now what? It is a big one. How could we 
build it higher? 

Bossy: (looks, pauses, looks at blocks): Oh, oh, I 
know. Look, do it this way. (Places two 9-inch 
blocks end to end.) See, this one and this one, 
and you have a long one. See? 

NormiE: Boy! Now we can go on along. (Brings 
9-inch and 44-inch blocks. Jon brings 44-inch 
block, puts it beside 9-inch block, looks at it, 
stands, turns quickly, gets another 4}-inch block 
and places it to fill the space. Children complete 
building to seven rows of blocks.) 


Only a week earlier these same boys had 
been working with this same problem, but 
their multiplication was without any ac- 
curate verbalization, and there was far less 
precision in carrying out their activity. Yet 
in their vagueness were indications of the 
problems that held their interest, and the 
important task for the teacher at the mo- 
ment was to supply equipment and op- 
portunity for the search to continue while 
she herself remained in the background. 
Jon: Oh, boy! Let’s. Let’s make a big, big, big, big, 

big, big building! 

Bossy: Oh, yeah! A great big, big, big, big, big, 
big one! You know how many it will take? It 


will take 150 blocks! 
Jon: Whew! 


Number in the Program 


That a number word occurred in this dis- 
cussion was due not to an exact understand- 
ing of its meaning, but rather that at this 
time they were using it as a group term for a 
limit, a ‘‘whole lot,” “the most.’’ Later this 
number term, too, came to be ranged along 
a scale of increasingly exact meaning, in a 
way that showed a high degree of awareness 
of other important arithmetical concepts— 
that of seried relationship in amount and 
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the more involved concept of relative values 

of different units. 

Bossy: He’s going to give me a lollipop. A lot of 
lollipops. 150!—Whew! How many lollipops are 
you going to give me? 

Dicxte: 100. 

Bossy: (stops working, looks at Dickie) Just that 
many? 

Dickie: They’re not going to be lollipops tho’. 
They’re something else. 

Bossy: Oh. (Returns to work, smiling.) 


At this point certainly these 4- and 5-year 
olds are ready for working with a number 
system, ready for directly planned teaching 
about quantity. But if her decision at the 
moment is to begin teaching the number 
system, in this instance the teacher’s great- 
est task is to be ready to teach the number 
system, too, in the way the children use it and 
develop it. If children’s behavior is examined 
in order to determine how to teach the num- 
ber system and whether to teach addition 
first, or addition and subtraction together, 
it is quickly seen that children work with 
increase and decrease at the same time. It is 
seen, too, that they expect, in the natural 
course of events, that any number series 
might be reversible. That is the way, in their 
world, things happen. And most noticeable 
of all is that they work with a whole body 
of knowledge of degrees of difference, of 
variation of unit value, and of concomitant 
variation. It may seem most logical to the 
teacher to present the number system as a 
way of working with groups and subgroups 
rather than simply as adding 1’s. Here her 
own understanding of the number series will 
determine her success or failure, and so de- 
serves her attention. 

(Bill, Drew, Jim ride around walk.) 
BiLL: One is less than three. I went three times. 

Three times this morning. 

Drew: I went, too, with you. 
Britt: A hundred times is more than three. I didn’t 


go that many. 
Drew: Whew! No. 


With or without number, children work 
with degree of quantity in this same manner. 


(Stan is pushing Dick at the swings.) 

Stan: How high do you want to go? (Hopefully) 
Not very high. 

Dicx: I will go high, maybe. 
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Stan: High, high, high. Ha, high, high. 

Dick: I don’t want to go that high. 

Stan: All right. I will push you not quite that high 
when I get you up there. 


Interrelatedness of Mathematical 
Concepts 


With this awareness of the involved re- 
lationships the children recognize and use, 
a teacher must choose carefully whether she 
should use the moment to stimulate toward 
experimentation with a system of number, 
or instead toward increased recognition 
of the interrelationships the child is per- 
ceiving. Certainly, since the interest is evi- 
dent in both, she should guard against con- 
centrating on one aspect to the detriment 
of the other. 

In the following instance nothing was told 
to the child but the child was stimulated to 
discover a specific area of differences. 
Through his discovery of the numberless 
possibilities or series of degrees of difference, 
a whole new field of experimentation and 
observation was open to him. 

The teacher was told by a 5-year old that 
he had a dog. 

Cup: He’s a St. Bernard. 

Teacuer: How big is your dog? 

Cuttp: He’s as big as every St. Bernard dog. 
Teacuer: Are all St. Bernards the same size? 
Cuttp: Yes. Well, they’re big. 

TEACHER: Very big! 

Cup: Yes! I guess this big. (Shows with arms.) 
Teacuer: Is every St. Bernard exactly that big? 
Cuitp: No! (Laughter) They’re somewhere about 


that big; it depends. 
‘TEACHER: On what? 


Cuutp: If he’s a baby, he’s little. Or if he’s a big 
St. Bernard or not. 

(Comment from a child standing nearby): Or if it’s 
hot and he’s had his hair all cut off. 

(At this moment there was excitement evident in 
the behavior of the first boy.) 

CutLp: He couldn’t be the same size! What if he 
had just one hair out, he’d be different! 


Whether moving out into space in quest of 
the greatest distances or in toward minute 
experimentation in search of the smallest dif- 
ference, the child learns best when he is 
helped by a teacher who sees and uses the 
strategic moment. And as the teacher frees 
herself to do this, she embarks along with 
him on a voyage of discovery that recreates 
for her the excitement of all she ever felt that 
teaching should be. 


Eprror’s Note. Ah, to be a four-year-old again 
with understanding and imaginative parents and 
teachers. However, since we cannot turn back the 
clock, we can seek to understand how the young 
mind works and how it is continually reaching out 
with ideas and seeking refinements and ‘“‘definitions” 
of the myriad of things that touch the young mind. 
It is our job as teachers of people of all ages to pro- 
vide some of the media for understanding and some 
of the modes for reaching learning. But we must 
always remember that real learning is an individual 
matter, it is a path that each must travel and we 
the teachers are privileged to provide encourage- 
ment, to point out some of the milestones, and to 
give assistance when it is most opportune. But is it 
not learning when we provide a Cadillac with a 
chauffeur. Some people never lose that spirit of 
adventure that seems to be a part of childhood 
while others apparently lose it in the elementary 
school. Learning is really a glorious adventure with 
infinite possibility for discovery and many potential 
pitfalls. The role of the teacher is that of counsellor 
and guide. To be a good guide she must know the 
way and understand the child she is guiding. 


The National Council of Teachers of Mathematics 


Christmas Meeting 


New York City, December 29-30, 1958 


Hotel McAlpin 


Combine the Holiday season of New York with discussion of 
common problems 
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Another Look at Problem Solving 


DorotHuy BERGLUND, MARGARET Boyp, ELIZABETH COCKE, 
CAMILLA DURRENBERGER, AND EUNICE RADER 


Georgetown Elementary School, Georgetown, Texas 


A A RESULT of an inservice education 
program, the authors of this report 
undertook an extensive investigation of 
ways in which pupils’ work with story prob- 
lems could be improved. At the outset, it 
was recognized that this was an area of 
arithmetic instruction about which many 
teachers were concerned. After a thorough 
review of literature, including research ar- 
ticles as well as other reports, the authors 
hypothesized that ‘“‘experience problems” 
would provide, at least, a partial answer to 
this problem. Experience problems were de- 
fined as those problems which provide a 
quantitative experience outside the regular 
textbook. In five classrooms in grades four, 
five, and six, extensive experience problem 
projects were undertaken. 

Four specific steps are discussed so that 
the reader might understand the procedures 
used. These steps include: (1) compiling a 
file of problems; (2) use of the file; (3) use 
of the notebook; and (4) sharing of experi- 
ences. 

(1) Each of the authors compiled a file of 
experience problems. Teachers, children, or 
teachers and children working together de- 
veloped each of the experience problem 
statements which were written on 3X5 cards 
and added to the file. Each experience prob- 
lem implied an activity, a familiarity with 
proper tools, and an understanding of cer- 
tain problem relationships derived from the 
use of the tools. Problems were selected so 
that a solution provided experiences in meas- 
urement based on height, weight, time, 
scale, perimeter, area, volume, and acre. 
Experiences in the use of averages and 
graphs were also implied in the statement of 
many of the experience problems. Three 
samples from the files of these teachers are 
shown below: 


1. What is the difference between the 
length of the jump rope and the bat? 

2. What is the average weight of five of 
your friends in the class? 

3. What is the volume of air in the class- 
room? What is the volume for each pupil? 

(2) The file of experience problems has 
been used in various ways. Each teacher has 
permitted her class to experience the prob- 
lems in the way most suitable to her room 
situation, which resulted in each teacher 
using different approaches. Certain days 
were designated by some as times for select- 
ing and solving problems by the entire class, 
while others let only a few work with the 
experience problems during the time other 
pupils were working in their textbooks. An- 
other plan was to let the children who com- 
pleted their assignment early work in pairs 
with these experience problems. Too, the 
experience problem has been used as a fore- 
runner for similar problems in the text. For 
other teachers, the experience problem re- 
placed the textbook story problem. 

(3) Each child kept his work in an in- 
dividual notebook. After selecting the prob- 
lem he wished to work, he copied it onto a 
fresh page of his notebook, returned the 
card to the card file, and proceeded to solve 
the problem, which was figured and ex- 
plained in the notebook. This explanation 
included a discussion of the method and the 
tools used. Then a concluding statement was 
given, stating the results and facts discovered. 
A vocabulary of new words and arithmetical 
terms was listed and added to as the occa- 
sion arose. 

In some instances facts and numbers were 
discovered by groups when carrying out ac- 
tivities of the day. These were used to con- 
struct experience problems that were in- 
cluded in the notebook. 
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(4) The basic purpose of sharing experi- 
ences was to facilitate the development of 
truly meaningful and functional concepts. 
Words and ideas were confused commonly 
in that the child thought that if he knew 
words, he understood the ideas they sym- 
bolized. The fact that a child, after sufficient 
repetition, can say that there were three feet 
in a yard does not guarantee that he has a 
true conception either of a foot or of a yard. 

In their daily planning, the teachers in- 
volved in this study provided various meth- 
ods and situations for the sharing of experi- 
ences that grew out of the arithmetic ac- 
tivities. 

Since the practice of writing the experi- 
ence problems constituted a variety of rich 
experiences, notebooks were frequently ex- 
changed, and the problems were read and 
discussed. Often the tools and measures used 
were again discussed with the entire group 
or the class. 

Each child was given some opportunity 
to share his experiences with the entire 
group, with a small group, with a class- 
mate, or with the teacher. In doing so, he 
gave some evidence that he knew which 
tools or measures to select, that he was im- 
proving his concept of the use of these meas- 
ures, and that he understood the basic ele- 
ments of the experience problem. 

The learning experiences in the modern 
elementary school are organized around 
major problem areas where subject matter 
boundaries are ignored, and children can 
move into any area in which they meet 
problem situations. The science and social 
studies fields provided activities for sharing 
experience problems. 

These examples have been but a few of 
the many which could be found in any class- 
room. Whatever the theme of the unit, the 
alert teacher can find countless oppor- 
tunities for building a rich background of 
socially significant mathematical experi- 
ences—all in the scope of a broadly con- 
ceived arithmetic program. 

As a result of four months’ work on the 
part of the authors, the group has concluded 
that experience problems are: 
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. Achallenge to pupils 
. A means of arousing interest 
. A means of broadening reading 
. Asource of meaningful activity 
. Ameans for developing skills in writing mean- 
ingful and exact statements 
6. A proper substitute for many textbook stated 
problems 
7. Asupplement for regular arithmetic activities 
8. An experience which makes other stated 
problems more meaningful 
9. An aid in discovering a child’s strength or 
weakness 
10. An aid in the child’s discovering his own 
abilities or needs 
11. A means of correlating the subject matter 
areas of the grade level 
12. Avenues for sharing knowledges and skills. 


Pupil growth was noted in many areas. 
The following list is indicative of specific 
areas in which growth has taken place. As a 
group, the teachers concluded that as a re- 
sult of participation in an experience prob- 
lem program, many of the elementary pu- 
pils: 

1. Have an improved concept of the meaning of 

various measures 

2. Have an improved knowledge of mathe- 

matical terms 

3. Realize there are opportunities for use of 

arithmetic in all fields 

4. Recognize the need for and the use of proper 

measuring tools 

5. Have improved their skill in the use of proper 

measuring tools 

6. Have broadened their interest and under- 

standing of stated problems 

7. Have an idea of the essentials of story prob- 

lems and can better sense erroneous, absurd, 
or incomplete statements 

8. Have become better able to associate text- 

book problems with life experience 

9. Better evaluate details in their own experi- 

ence problems and in those written by others 

10. Have improved in their ability to put into 

words what they have actually experienced 

11. Have improved their ability to estimate in a 

variety of situations 

12. Have improved their comprehension of the 

relationship between classroom experience 
and their out-of-school life. 


Eprror’s Nore. Here is another example to il- 
lustrate that it is desirable for a child to be an active 
participant in all stages of learning. The factor of 
interest alone is worth a great deal. And the oppor- 
tunities to see arithmetic at work in various areas 
and to write competently add to the values in the 
project. Textbooks, by their very nature, cannot 
supply the real things with which children ought 
to be concerned. Let us complement the textbook 
with experience in which each child is a real par- 
ticipant. 
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**°Twas the Night Before Christmas’’ 
(In the First Grade) 


Dorotuy S. AMBROSIUS 
Capron, Ill. 


€ was the night before Christmas. . .” 


(100% attention is what I had from 
my small enraptured listeners.) 

“When, what to my wondering eyes 
should appear, 

But a miniature sleigh, and eight tiny rein- 
deer.’ (I must admit I put a little extra em- 
phasis on the “eight” as I read it.) 

‘And then in a twinkling I heard on the 
roof, 

The prancing and pawing of each little 
hoof.”’ 

Here I hesitated for a moment and said 
“My goodness, I wonder how many little 
hoofs that was altogether?’ Then we finished 
the poem and said no more about it for the 
moment. 

Later on in the day when we were doing 
arithmetic I asked, ‘‘Does anyone remember 
how many reindeer Santa Claus had?” 
Practically all of them knew. (Again, I had 
100% attention. ) 

I remarked “My, what a clatter that must 
have been on the roof with all those tiny 
hoofs.” 

Paul wanted to know ““How many were 
there?” Several children tried guessing. 

Alan guessed “eight.” 

I asked “Alan, how many reindeer were 
there?” He answered correctly “eight.” 

“And how many feet does each reindeer 
have?” 

Alan thought a moment and said “‘four.” 

“All right, Alan, come up and show me 
with these blocks the feet of one of Santa’s 
reindeer.” 

Alan came up and took four blocks out of 
the box and put them two and two on my 
desk. I let all the children see them and we 


pretended that they were the feet of the 
reindeer. Then we divided ourselves into 
three groups of eight children each. Each 
group had a box of blocks and the problem 
was to find how many tiny hoofs were on the 
roof. 

As I circulated from group to group it 
was enlightening to hear their suggestions 
on how to go about finding out. Some didn’t 
wait to discuss but started laying out the 
blocks. Bradley put two blocks down and 
said *“There’s the deer’s front feet’’ and, put- 
ting down two more he said “‘and there are 
his back feet.” Ann pushed them rather 
close together and said ‘‘That’s a whole 
deer. Now let’s make another.” I could see 
that these children were on the right track 
so I praised them and went on. 

The next group of children were having 
an argument. They had laid out eight blocks 
which were to represent the reindeer but 
couldn’t agree as to what should be done 
next. 

*‘Now what are we trying to find?” I 
asked. ‘‘We already known how many rein- 
deer Santa had.” 

They agreed that it was how many hoofs. 
I led them to lay out the one group of four 
that showed one reindeer’s hoofs. Then San- 
dra said ‘We have to do that for all the rein- 
deer.”” They were launched so I left them. 

Just how the third group of children did 
it I will never know because when I got to 
their corner the eight block groups of four 
each were lined up and ‘Tommy was just 
finishing counting them by “ones.” The 
children were all eager to tell me that there 
were 32 hoofs. 

Tommy grasps arithmetic very readily and 
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had previously discovered counting by 2’s, 
so I suggested ‘““Tommy, can you think of a 
faster way to count them?”’ Immediately he 
said “Yes, by ‘twos’.”” He and the rest of the 
group did this successfully. 

I asked them if they remembered how we 
arranged groups of more than nine for 
counting. They all knew that ten was the 
answer and set about arranging their groups 
in “tens.” 

Cheryl’s group was the first to finish so I 
let Cheryl count the blocks by tens. Pointing 
to each group she counted “Ten, twenty, 
thirty, forty.” 

What was the matter? We all knew there 
were just thirty-two. There was dead silence 
for a moment and then a general stir as each 
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group tried counting its blocks by “‘tens.”’ 

“Well,” said Tommy, “‘you can’t count 
by tens when there are only two blocks.” 
(He was pointing to the last two.) Tommy 
counted them “Ten, twenty, thirty” and 
when he came to the last two he pointed to 
them separately and said 
thirty-two.” 

All groups were successful. In a class dis- 
cussion the children generalized that they 
were able to find many hoofs altogether by 
counting by “ones,” by “twos,” and by 
“tens,” but that it was faster to count by 
“tens.” I asked “‘How many were there al- 
together when we had eight groups of four 
blocks each?” They were all anxious to give 
the answer “thirty-two.” 


‘thirty-one, 


numbers. 


than ten. 


IMPORTED AUTHENTIC 
JAPANESE SOROBAN 


USEFUL FOR BOTH DEMONSTRATION AND ACTUAL CLASSROOM 
EXERCISES IN MANY PHASES OF MATHEMATICS 


© Tangible manipulation and counting of beads gives students a basic 
understanding of fundamental arithmetical operations. 

© Demonstrates the whys of carrying and borrowing. 

© Provides a fuller understanding of the nature of a place value system. 

© Illustrates the importance of zero as a place holder when writing 


@ Enables the student to count and operate in systems with bases other 


ORIENT IMPORTS, 623 Northside Ave., Ann Arbor, Mich. 


EBONY FRAME AND CHERRY BEAD 
COUNTERS ARE EXECUTED IN FINE 
ORIENTAL CRAFTSMANSHIP. 


AT NEW LOW PRICES 
$ 2.75 Each 
$30.00 Dozen 
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Report of the Nominating Committee 


The Committee on Nominations and 
Elections presents its slate of nominees for 
offices to be filled in the 1959 election. The 
term of office for the two vice-presidents 
is two years. Three directors are to be elected 
for terms of three years. 

In making nominations for the three 
director positions, the Committee followed 
the directive adopted by the Board of 
Directors in 1955 which states, “‘Nomina- 
tions shall be made so that there shall be 
not more than one director elected from 
each state, and that there shall be one 
director, and not more than two, elected 
from each region.”” Members may consult 
The Mathematics Teacher for October, 1955, 
for a map of the regions as they are now 
defined. 

Ballots will be mailed on or before Febru- 
ary 10, 1959 from the Washington Office 
to members of record as of that date. Bal- 
lots returned and postmarked not later 
than March 10, 1959 will be counted. 

The committee wishes to thank the many 
members of NCTM for their help in giving 


their suggestions for nominees. It is hoped 
that all members of our organization will 
exercise their privilege of voting. 


MILTON BECKMANN, Chairman 
CLIFFORD BELL 

CHARLES BUTLER 

RosertT Foucu 

MARTHA HILDEBRANDT 
MILpReED KEIFFER 

ANN PETERS 

Myron Rosskopr 

Marie WILcox 


The following people have accepted 
nominations: 


Oscar F. Schaaf, Director from the Far West 
Christine Poindexter, Director from the South West 
Carol V. McCammon, Director from the South East 
Henry Van Engen, Director from the North Central 
Irene Sauble, Director from the North Central 
Phillip Peak, Director from the Central 
Z. L. Loflin, Vice-President of College Section 
Phillip S. Jones, Vice-President of College Section 
Marian C. Cliffe, Vice-President of the Junior High 
School Section 
Mildred B. Cole, Vice-President of the Junior High 
School Section 
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ARITHMETIC PROGRAM FOR GRADES _ 1-8 


We VYload. —Grades 1-2 Brownell Weaver 


A modern program in beginning arithmetic to meet today’s needs! Lively, 
4-color illustrations, uncluttered format. Numbers We Need is sys- 
tematically organized and geared to the child’s abilities and interests. 
PRIMER and BOOK ONE COMBINED (or separate), TEACHERS’ 
EDITION of PRIMER and BOOK ONE now available. BOOK TWO 
with TEACHERS’ EDITION to follow. 


Quthmetic We —Grades 3-8 * Buswell Brownell Sauble 


Stressing understanding before mastery, these practical texts give teachers 
a workable program, a program that pinpoints each concept for pupils in 
well-planned learning sequences. Teachers’ Manuals are unsurpassed! 
They contain text pages clearly reproduced with answers in red and are 
brimming over with teaching suggestions and aids. 


the Ginn Quthme-Stickh 
A unique arithmetical de- 


vice for all grade levels— 
any arithmetic program 


Each stick is only 81/4, inches 
long, of strong plastic with 
20 snap-on buttons. Singly, 
the ARITHME-STICK is a 
counter, number-fact build- 
er; joined, it is an abacus, 
number-board—even a hun- 
dred-board, computer, etc. 5 
sticks to a package. Write us 
today for complete informa- 
tion. 


GINN AND COMPANY 


Sales Offices: 
New York || Chicago 6 Atlanta 3 Dallas | Palo Alto Toronto 7 


Please mention the ARITHMETIC TEACHER when answering advertisements 
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HERE'S WHAT THEY'RE 
SAYING ABOUT... 


ARITHMETIC 
IN MY WORLD 


FOR GRADES 1-9 
BY DR. C. NEWTON STOKES 


Dear Dr. Stokes, 

When I came into fourth grade, I didn’t like arith- 
metic because I knew all the answers but not how to 
get them. In January when our school received the 
“Arithmetic in My World” books it gave me a new 
interest in arithmetic, and it makes arithmetic so 
much more fun to do. 


Sincerely, 
Robert 


Dear Dr. Stokes, 

During arithmetic when-ever I look at the clock 
and see there is only a little while left I am so mad 
because I love arithmetic. 


Sincerely, 
Linda 


The teacher too, will benefit 
from the Arithmetic in My 
World series. For each level she 
will have a Teachers’ Edition that 
contains both a general intro- 
duction and an introduction to 


the particular text involved. Part 
Ill of these editions contains a 
page-by-page reproduction of 
the textbook pages and Part IV 
has a list of teaching aids, an- 
swers, and bibliographies. 


ALLYN and BACON, Inc. 


ENGLEWOOD CLIFFS, N.J. 


DALLAS 


CHICAGO 
SAN FRANCISCO 


Please mention the ARITHMETIC TEACHER when answering advertisements 
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ATLANTA 


ADDISON-WESLEY is pleased to announce the 
establishment of a new 


SCIENCE EDUCATION SERIES 


of textbooks in science and mathematics, designed for the better student, 
at all levels from elementary grades through junior college. 


During the past few years a number of groups have been studying the 
elementary and secondary educational systems, planning programs de- 
signed to improve curricula in science and mathematics, and instituting 
enriched or accelerated courses. Implementation of such programs must 
go hand-in-hand with the development of textbooks reflecting desired 
curriculum revisions. The aim of Addison-Wesley’s new series is to develop 
such textbooks. 


The Science Education Series will comprise textbooks in mathematics and 
the physical and life sciences which will reflect the recommendations of 
the various committees, professional societies, and other educational 
groups. Full advantage will be taken of experience gained in actual class- 
room use of preliminary materials. It is anticipated that at the start, at 
least, these textbooks will be used for the training of better-than-average 
students in the elementary schools, of college-preparatory students in the 
secondary schools and, where appropriate, in college courses also. No 
effort will be made to categorize any text by grade or class level, but rather 
each text will be designed to serve the purpose at whatever level of in- 
struction may seem appropriate. 


The Consulting Editors who will direct this new Series are dedicated teach- 
ers who have long been intimately associated with these problems. They 
are 

Ricuarp 8. Prerers, Chairman, Department of Mathematics, Phillips 
Academy, Andover, Massachusetts 

Pavut C. RosenBLoom, Director, Minnesota National Laboratory for 
Improvement of Secondary School Mathematics and Professor of Mathe- 
matics at the University of Minnesota 

Grorce B. THomas, JR., Associate Professor of Mathematics, Massa- 
chusetts Institute of Technology 

JoHN WaGneEr, Consultant, Texas Science Teaching Improvement 


Program 


A number of texts are at present under development for the Science Edu- 
cation Series. Many of them are being tested in actual class use prior to 
formal publication. Announcements of these books will be made as they 
become ready for publication. 


In the meantime, the publisher invites all who are interested in learning 
more about the Science Education Series to send for a detailed brochure. 


wy ADDISON-WESLEY PUBLISHING COMPANY, INC., Reading, Mass., U.S.A. 


Please mention the ARITHMETIC TEACHER when answering advertisements 
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You can tell a champion 
by his confidence, 

authority, and 
superior 

performance ... 


True for textbooks, too. Take 10 or 15 minutes to glance over a 
LEARNING TO USE ARITHMETIC text. See how very well the 
authors have presented their subject—note how completely they 


understand elementary pupils. 


LEARNING TO USE ARITHMETIC 
Gunderson, Hollister, Randall, Urbancek, 
Wren, Wrightstone 


Here is a series for grades 1-8 that proves to boys and girls that arith- 
metic is part of their lives—and not only necessary, but fun! Here 
are Teacher’s Editions that make teaching a joy. Workbook-Texts, 
Workbooks, Texts, Teacher’s Editions of Texts and Workbooks, cor- 


related filmstrips, manipulative materials, professional books. 


D. C. Heath and Company 


Please mention the ARITHMETIC TEACHER when answering advertisements 
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ARITHMETIC 
IN GENERAL 
EDUCATION 


16th Yearbook 
of the 


National Council of Teachers 
of Mathematics 


This popular book has gone through 
five printings. 


Though published in 1941, it is still 
ahead of current practices. 


Every teacher of arithmetic should 
read this volume. 


Discusses such important topics as: 


The curriculum and grade placement 
The number system 

Arithmetic in the early grades 
Instruction for the middle grades 
Arithmetic in the high school 
Social applications 

Enrichment 

Drill 

Evaluation of learning 

Trends in learning theory 
Research 


347 pages $3.00 


Postpaid if you send remittance with order 


NATIONAL COUNCIL OF 
TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. 
Washington 6, D.C. 


Pupils beginning with Grade VII— 
Adults who like mathematics— 
Both will enjoy the New 


MATHEMATICS 
STUDENT JOURNAL 


A quarterly publication of the 
National Council of Teachers 
of Mathematics 


Redesigned in format, doubled in 
size, printed in two colors, expanded 
in range and content. 


Contains material for enrichment, 
recreation, and instruction. 


Features challenging problems and 
projects. 


Two issues each semester, in No- 
vember, January, March, and May. 


Note these low prices: 


Sold only in bundles of 5 copies or 
more. Price computed at single-copy 
rates of 30¢ per year, 20¢ per semes- 
ter, making the minimum order only 
$1.50 per year or $1.00 per semester. 


Limited supply of November issue 
still available. Order promptly. 


Please send remittance with your order. 


NATIONAL COUNCIL OF 
TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. 
Washington 6, D.C. 


Please mention the ARITHMETIC TEACHER when answering advertisements 


THE ARITHMETIC TEACHER 


@ About 8500 professionally-minded subscribers now receive the Arithmetic 
Teacher. This is a remarkable record for a subject-matter journal in only its fifth 


year of publication. 


@ Devoted to the improvement of the teaching of arithmetic in kindergarten and 
in all the grades of the elementary school. 
@ Features articles by leading thinkers in the teaching of arithmetic. 


@ Special features include information on investigation and research, teaching and 
curriculum problems, testing and evaluation, teaching aids and devices, and 
reviews. 


If you are not a subscriber, send in your order today. 


If you are a subscriber, tell your colleagues about the Arithmetic Teacher. 


Membership-subscription $5.00 
| | For individuals only. Includes membership in the National Council of Teachers 
q | of Mathematics. For an additional fee of $3.00 the member may also receive 
the Mathematics Teacher. 


Student membership-subscription $1.50 
For any student who has never taught. Order must be submitted by or certified 
by a staff member of the school. Mathematics Teacher available for $1.00 ad- 

litional 


Institutional subscription $7.00 
For schools, libraries, departments, or other institutions. 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


| Please mention the ArtrHMETIC TEACHER when answering advertisements 


4 

4 

| 

| 

{ 

| 

@ 

| 

| 

| 

| | 
= 

| 

q 
| 

3 = 

| | | 
| 

lm 

| 

| el 


